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ADVERTISEMENT, 


THE!  Cbmmrttee appointed  fij  tbe  Royal Sodietj  to direA  tRe 
^ScAtkiXit^  the  PhiUfifhicalTrMfiS  take  this  opportunity  co> 
tcquaiQt  the  Public,  that  it  fully  appears,  as  well  from  the  rouiici]*booki- 
aod  jooroals  of  the  Society,,  as  from  repeated  declarations,  which  have 
been  made  in  leycraT  former tfrtfff/&^W,  that  the  printing  of  them  was 
aVways,  from  time  to  time,  the  finglc  atf^of  ihe  rcfpc^iivc  Sccrcrarlcs,  till 
the  Forty-fcventh  Volume ;  the  Sociery ,  as  a  body, never  intcrclling  the  m- 
felyesany  further  in  their  publicailon,  than  by  occafionaJly  rccomiricrilini;. 
thercvrval  of  them  to  fome  of  their  Secretaries,  when,  from  tlie  particular 
circumtiances  of  their  affairs,  the  Tranfadtons  had  happened  for  any 
Icngih  of  time  to  be  intermitted.  And  this  feems  prineipally  to  have 
been  done  with  a  view  to  fatisfy  the  Public,  that  their  uiuai  meetings 
were  then  continued  for  the  improvement  of  knowledge,  and  benefit  of 
mankind,  the  great  ends  of  dieir  fird  infliiution  by  the  Royal  Charterti- 
and  which  they  haTc  ever  fince  (leadily  purfued. 

But  the  So^ety  beiog  of  late  yean  greatly  inlarged,  and  their  com*» 
mnmcarioDsmofennmerous,  it  was  tlioughtadvireable,  that »  Committeer 
•f  their  nmnbers  fliould  be  appointed  to  reconfider  ^e  papers^read  be* 
lore  theiBy  and-  fek£k  out  of  tbeni  ibch^  as  ^y  ihould  judge  moft  pro- 
per fbr  pfublicatkn  In  the*£anxrr^«i;/Mwir  whidi  was  accordingly 
done  npon*  the  26ch  of  Mkrch  1 752V  And  the  grounds  of  their  choice- 
are»  attd«williooaUoue  to  be^  the  importance  and  Gngulartty  of  tbe  fub- 
jefisy  or  theadtantageous  manner  oC  treating  them ;.  without  pretending. 
l»-aniwer  far  tBe  certainty  of  the  faA5,  or  propriety  of  the  reafontogs^. 
•ontuned  In-  thefeveral  papers  fo  puhUihedy  which  mnft  ftall  reft,  on  the 
tBcdk  OS  j^dg^nenc  of  thdr  rei^edive  audiots*- 
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Tt  is  likewlfe  neccflary  oa  this  occadon  to  remark^  that  it  is  an  dU* 
bliflied  rule  of  the  Sodexj,  to  which  they  will  always  adhere,  nefer  to 
give  their  opinion^as  abody,  upon  any  fubjcfb,  cither  of  Nature  or  Arr, 
that  comes  b^ore  them.   And  therefore  the  thanks,  which  are  fre- 
quently propofed  from  the  chair,  to  be  given  to  the  authors  of  fuch  pa- 
pers, as  arc  read  at  their  accuflomed  meetings,  or  to  the  pcrfons  through 
whofe  hands  they  receive  them,  are  to  be  confidered  in  no  other  light 
than  as  a  matter  of  civility,  in  return  for  the  refpcft  (hewn  to  the  Society 
by  thofc  communications.    The  like  alfo  is  to  be  faid  with  regard  to 
the  fcveral  proje^ls,  inventions,  and  curiofities  of  various  kinds,  which 
arc  often  exhibited  to  the  Society  ;  the  authors  whereof,  or  thofc  who 
exhibit  ihera,  frequently  take  the  liberty  to  report,  and  even  to  certify 
in  the  public  news-papers,  that  tiiey  have  met  with  the  higheft  applaufe 
and  approbation.   And  therefore  it  is.hoped*  that  no  regard  will  here^ 
after  be  paid  to  fuch  reports,  and  public  notioet ;  which  in  fome  inftances  - 
have  been  too  lightly  oeditedf  CO  the  diifaonour  of  the  Society* 
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THE  £cnottond  of  Gratitude  infpired  by  the  very 
Place  in  which,  by  the  MuniEcence  of  our 
Royal  Patron,  we  are  now  for  the  firft  Time  affem- 
Ued,  render  it  impoilible  for  me  to .  negledt  the 
Opportunity  wliicli  this  Seafon,  whea  ye  have  been 
ufcd  to  hear  yourfelves  addreffed  from  the  Chair, 
affords  me,  of  offering  my  fmall  Tribute  of  Acknow- 
ledgement for  a  Benefit  fo  eminently  calculated  to 
promote  the  Honour  and  Advancement  of  this 
Society. 

EftablUhed  originally  by  the  Munificence  of  a 
Royal  Founder ;  foftered  and  encouraged  fmce  that 
Time  by  every  fucceflive  Mooaich  who  has  fwayed 
the  British  Sceptre,  ye  have  ever  proved  yourfelves 
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worthy  the  Favor  of  your  Royal  Protedon.  A 
Newton*  who  pruned  his  infant.  Wing  under  your 
Aufpkesi  when  his  maturer  Flights  Ibared  to  Worlds 
uhmeafurably  diftant,  fiill  thought  a  Place  among' 
you  an  hoauiabie  DiiHndion.  A  Newton's  immortal 
Labors,  a  Boyle,  a  Flamstead,  a  Halley,  a  Ray, 
and  many, others,. of  wh^fn  J^(ruil  it  is  needleis  to* 
remind  you,  hay^  made  ample  Returns  fi>r  the 
Patronage  of  former  Monarchs. 

But  bountiful  as  the  Encourageinent  ye  have 
received  from-  former  ]^atrons  has  ever  been,  the 
Fkvbrs  which  Science  has,  .througKyout  Interceffion, 
received  fro m  His  prcfeiit  Majclly  (whom  God  long  . 
preferve !)  have  eminently  outdone  their  moft  extenlive 
Ideas  of  Liberality.  Ample  Funds,  by  Him  provided, 
have  enabled  you  to  reward  Men  of  extenlive  Know- 
ledgt  and  Ability,  ^for  •  fpending  whole  Years  in  the 
Service  of  Science  ^^obferving  twice  the  Trandt  of  the 
planet  Venus  over  ^he  Di&  Of  the  Sun.  At^your 
Re(]uelt,  the  Publick  def;aycd'the£xpence  of  convey- 
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sng  them  to  the  mofl  difiant  Parts  of  the  Globe  we 
iobablti  where  the  purpofes  of  their  Miffion,  io  im- 
portant to  the  Science  of  Aftronomy,  could  heft  be 
fuliiiled while  ye  alone  enjoy  among  your  Fellow 
Academies  the  Reputation  of  having  both  ient  and  re* 
warded  them* 

And  more ;  thofe  very  Donations  were  lo  liberally 
planned  by  that  Attention  to  Science  which  has  ever 
diftinguifhed  His  prefent  Majefly's  Reign,  and  will 

for  ever  bear  Teftimony  of  his  enlarged  Mind,  and 
Difpoiition  favorable  to  the  Advancement  of  true' 

Knowledge,  that  the  Surplus  alone  enabled  you,  with 

his  Royal  Approbation,  to  inftitute  Experiments  on 

the  Attradion  of  Mountains,  amidil  the  barren  and 
bleak  Precipices  of  the  Highlands  of  Scotland,  which 
then,  for  the  firA  Time,  beheld  Inflruments  of  the 
niceil  Conftrudion  tran(|)orted  to  the  Summits  of  their 
pathlefs  Crags,  and  Men,  uied  to  other  Habitations, 
voluntarily  refiding  in  temporary  Huts,  eager  to  ex- 
prefs  a  grateful  Senfe  of  their  Royal  Patron's  Libe- 
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Tality,  -by  thus  promoting  to  the  utmoft  the  Caufe  of 
Science,  in  which  they  were,  under  his  Protedion^ 

'cnikirked. 

Gifts  like  thefe,  unfoliclted  and  unconditionally 
bcRowedy  might  have  fattsfied  the  Impnlfes  even  of  a 
Princely  Muni&cence;  but  not  fo  with  our  Royal 
Patron.  Amply  informed  in  every  Branch  of  real 
Knowledge,  He  refolved  to  beftow  a  ftill  more  diftia- 
guiihed  Mark  of  his  Favor  on  Science  which  he 
loved,  and  in  this  his  laft  bed  Gift  has  fulfilled  bis 
Royal  Refolution» 

Such  a  Donation,  fo  fuited  to  our  prefent  profper- 
ous  and  flouri(bing  Condition  under  his  Royal  Pa- 
tronage and  Protedion,  is  .  admirably  calculated  to 
increafe  the  Reipecl,  great  as  it  is,  which  ye  have  ever 
received  from  the  Learned  of  all  Rurope,  placing 
you  at  once,  in  every  Point  of  fplendid  Accommoda- 
tion, as  much  above  all  Foreign  Academies,  as  the 
Labors  of  your  learned  Predeceflbrs  had  raifed  you 
above  them  in  literary  Reputation^ 

Let 
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Let  then  Gratitude  to  a  Sovereign,  from  whom  ye 
have  received  foch  confpicuous  Encouragement,  en- 
pge  you,  by  an  Application  to  a  Promotion  of  the 
Sciences  ye  feverally  poflefs,  to  defer ve  a  Continuance 
of  hit  Royal  Favor ;  to  meafure  your  future  Exertions 
by  the  Standard  of  his  princely  Liberality  ;  and  thus 
flieiv  the  World,  that  ye  ftill  are,  as  ye  always  havei 
been,  worthy  the  Patronage  of  your  King !. 
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Lieut.  James  Glcnie. 
Williiim  Mann  Godfchail,  Efq. 

F.  A.  S. 
The  Rev.  IfaacGoiTet,  M.  A. 
Richard  Gough,  Efq.  Dir.  A.  & 
The  Rev.  Richard  Gould,  D.D. 
John         Grant,  Efq. 
Charles  Gray,Kfq.  Truf.Br.Muf, 
Edward  Whitaker  Grey,  M.D. 
The  Rev;  Richard  Green,  D.D. 
John         Greg,  Efq. 
Hon.  Charles Greville,  F.  A.  S. 

M.  P.  Lord  of  the  Admiralty* 
Mr.  Richard  Grindall. 
Steddy        Grinfield,  Efq. 
Richard  Lord  Gjlosvenor.  • 

Hugh  Hamerfley,  £{q.  F.  A.  S. 
Hon.  Charles  Hamilton. 

The  Rev.  Hugh  Hamilton,  D.D. 
Hon.  Sir  Wm.  Hamilton,  K.  B. 
F.  A.  S.  bis  Majejiyl's  Envoy 
Extra  and  Plenipotentiary  at 
thkOmrtoJ  Naples^ 
Robert  Viicount  Hampden, 
F.A.S. 

Philip  Eutl  of  llARDWieiiE, . 

F.  A.  S. 
Mr.  William  Harrifon. 
Edward    Hailed,  Efq.  F.  A.  S. 

George 
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George  Finch  Hattotiy  £fq* 
Alexander   Hay,  M.  D. 
Rcchard      Hazard,  Efq. 

Thomas  Ilcalde,  M.  D.  Prof. 

Med,  Gre/h, 
The  Rev.  Benjamin  Heath,  JvlA. 

F.  A.  S. 
John         HeathcDtCt  £fq. 
Sir  Thomas  Heathcote,  Bart. 
William  Heberden,  M.D.F.A.S. 
The  Rev.  Samuel  Hemming, 

M.  A, 

Jphii         Hcnnikcr,  Efq.MP. 
Mr.  Thomns  Henry. 
The  Rev.  William  Henry,  D.D. 
Mr.  William  Hey. 

WlLLSEarlofHlLLSBOROUGU, 

Secretary  of  Slate,  Tnt/L  Br, 

TheRcv.  Jofephnxire,  D.  D. 
Sir  Henry  Hot;hton,  Bart.  M.P. 
Peter  Holford,  El^.  t-'.  A.S.  Mtf- 

ter  in  Chancery. 
JohnZcphan.  HoUwclI,  Kfq, 

frjn:r  of  the  Cufoins, 
Hon.  Charles  Hcpf^  WIer. 
John  Hope,  M.D.  Prof  Eot. 

Edinbn  ,| 
Mr.  Daniel  Hopkins. 
J<ichard  Cope  Hopton,  Ef.^. 


EMBERS. 

The  Rev.  Thomas  Homiby, 
M.  A.  F.  A.  S.  SaviL  Prof. 
Afiron,  Oxf  r.  Sec.  Goti.  s^. 

Air,  James  Horsfall. 

ThcRcv.Samucl  Horfley,LL.D, 

John        *  Howard,  Eiq^, 

Mr.  Samuel  Howard* 

William  Auguftus  Howard* 
M.  D. 

Charles  Grave  Hudfen,  Efq. 
Mr.  Wilfiam  Ihidion. 
Sir  Abraham  Hume,  Bart. 
Alexander    Hunter,  M.  D, 
Johnjtlimtecv  Efq.  Surgesnex* 

ira  to  ifis  Majefiy, 
William  Hunter,  M.  D.  F.  A.  S. 

Phfician  extra  to  her  Majejiy, 

r.  A.  s. 

Mr.  Philip  Hprlock. 

Cliarlcs  Hutton,  XX.D.  Mafter 
of  Geometry  at  the  Royal 
Military  Acaien^  at  Wool* 
iivicL 

The  Rev.  C>  1  11  Jackfun,  D.  D. 
Huir.phrcy  Jackron,  Efq. 
William      James,  E  fq.  F. A.S. 
Sir  William  James,  Bart.  • 
John       Ibbctfon,  Efq.  F.A.S. 
Jubn         Jcbb,  M.  D. 

Sir 
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Sir  Richard  Jebb,  Bart.  F.  A.  S . 

PhyJUian  extra  to  his  Majejly, 
John         Jennings,  £fq, 
John  Ingen-HonfZf  Pbyjichnio 

the  Emperor^  s»e,  RMttni.  S»e: 
Rich3rd  Paul  Jodrcll,  Efq. 
William       Jones,  i.lq.  F.-A.S. 
The  Rev.  William  Jones,  M.  A. 
JnfKua         Iremongcr,  Efi]. 
Mr.JohnObadiah  JuAamond. 

The  Rev.  Rkhard  Kaye,  LL.  D* 

F.  A,  S.  Trujl.  Br.  Muf. 
The  Rev.  Benj.  Kennicott,  D.D. 

[Jla^.  EL  Ptdat.  X,  Sie,  Gttt,  See. 

Robert        Kcr,  Efq. 

Edward  Kijig,  Eiq.  F.  A.  S. 

Tile  Rev.  John  Gku  Kin^,  D.D. 

F.  A.  S. 
The  Rev.  Andrew  Kipgis,  D.D. 

F.  A.  S» 
Richanl      Kirwan,  Eiq. 

Mr.  John  Landen.. 

Mr.  Timothy  Lane. 
Jac.  Frcilcri  jk  LruUfliccr,  Efq. 
Thomas      EaHiltN ,  M.  D. 
Mr.  John  Latham. 
The  Rev.  Charles  Peter  Layard, 
M.  A*. 


lEMBBRS; 

Daniel  Peter  Layard,  M.  D,- 

F.  A.  S.  Stc,R.Gott,Spc. 

Francis- Lord  LkDespences, 

F.  A,  S. 
Arthur       Lee,  M.  D. 
Thomas  Duke  of  Leeds,  K.G* 
Mr.  Charles  L'Epiiiafle. 
John        LctJi,  M.D.  F.A.S. 
John  Coakley  Leltfom,  iVi.D. 

F.  A.  S. 
Sir  Alhton  Lever,  Knt.  F,  A.S. 
James'        Lind,  M.D. 
Peter         Llvius,  Elq. 
George       Lloyd,  Efq. 
John  Llovd,  Efq.  F.A.S. 

The  Iltv.  John  Lockmnn,  D.D*. 
RoT>r">T  T.nwTii,  L.  Dilliop.  of 

London,   Tru/l,  Br..  Mitf. 

Sec.  R.  Gnll.  S<K. 

The  Rev.  Michael  Lort,  D.  D.. 

F.  A.  S.  [S(v.  ^atiqu.  C,{r.'!.So/. 

John  Gideon  Loten,  £iq.  F.A.S.- 

Jow^  Earl  of  Loudouk. 
Richard  Warburton  Ly  tton,  Efq. 

Mr.  Murdoch  Mackenzie. 

Sir  Herbert  Mackwortb,  Bart,. 

F.  A.  S. 
Mr.  John  Hyacinth  de  Magellan,, 

lAe,  Imp.  Petrtp.  H  R.M»tr,  Sc$* 

Charles  Vifcount  Mahon, 

The; 
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The  Rev.  John  James  MajeaUk, 
D.D. 

John  Malliet,  Efq. 

The  Rev.  Owen  Manning,  B«D. 

F.  A.  S. 
HiroH  Earl  of  Marchmont, 
Hon.  Charles  Marfham,  M.  P. 
Rchert        Marfham,  Efq. 
Francis  Maferes,  Efq.  Curfitor 

Baron  of  ihe  Exchequer. 
Mr.  John  Maud, 
lirael         Maudult;  Efq. 
Lieut.  General  Robert  Melvill, 

F.  A.  S. 
Owen  Piitland  Mcyrick,  Efq. 
The  Rev.  John  Mkhell,  B.  D. 
Richard       Michell,  Efq.F.A.S. 
The  Rev.  Jeremiah  Milles^  D.D. 

Pr.  A.  S.  Dean  of  Exeter^ 

Jeremiah     MiUes,  Efq.  F.A.S. 

John  Mills,  Efq.  Aead.ElcB.Patat*S9c. 
Francis        Mihnaii,  M.  D. 
The  Rev.  Ifaat  Milner,  A.  M. 
Daniel         Minet,  Efq.  F.A.S. 
Wiliiam  Mitford,Efq.F.A.S. 

Jqhk  Earl  of  Moira. 
Hon.  Coote  MolefwDtth,  M.  D. 
Donald       Monro,  M.  D* 
George  Duke  of  Montagu, 

K.  G.  Mafter  of  the  Hor/e  to 

bU  Majefty. 


EMBER  S. 

1  iiC  Rev.  Thomas  Morcll,  D.D. 

Sec.  A,  S.  Sec.  Anuqu,  CafeQ.  StJ, 

John  Morgan,  M.  D. 

Michael      Morris,  M.  D. 
Leonard     Morie,  Efq. 
Charles  Morton*  M.  D.  F.  A.  & 

Mr.  Peter  Moulcou. 

Mr.  John  Mtidge. 

Hon.  Col.  James  Murray,  IM.P. 

Robert        Mylne,  Efq. 

Mr.  Edward  Nairne. 

Sir  James  Nnpicr,  Knt.  F.  A,S« 

Jofeph         Nafh,  Efq. 

Mr.TurbervmeNeedham,F.A.S. 

{^Dlrefl.  AeaJ,  Imp,  et  R,  BrimeBm 

Hem&y  Duke  of  Newcastle. 
John         NicolJ,  Efq. 
Baron  Guftavus  Adam  Nolcken, 
Cbmmander  of  the  Order  of 

Polar  Sfar,  and  Envoy  from 
the  King  of  Sweden, 

JohnMervin  Nooth,  M.  D. 

Charles  Ehike  of  Norfolk, 
F.  A.  S. 

Hugh  Duke  of  Northumber- 
land, K.  G.  Trujl.  Br.  Muf. 

Rt.  Hon.  Sir  Fletcher  Norton, 
Knt.M.P.  F.A.S. 

Sir Lucius  O'Brien,  Bart.  F.A.S. 
Hott.itdward  Onttow,  M.P. 

John 
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J^/  Ord,£{q.M.P. 
John         Oiborne,  Efq. 

The  Rev,  Henry  Owen,  M.  D, 

Hen.  Vlfc.  Palm  erston,  M.P. 

Lerdpf  the  Treafury,  F.A.S. 

Meal        de  Paoli*  ££]. 

Jolm  Paradiie^ 

John  Parker,  £iq. 

The  Rev.  WiJiiam  Parker,  D,D. 

Henry         Partridge,  Efq. 

Sir  Ralph    Payne,  K.  B. 

Jshn  Peachey,  Efq.  F. A.S.  M.P. 

Charles  Anderibn  Pelhain^  Eiq. 
M.P. 

Thomas  Pennanty  U^AeJLt^Ae, 
TbeRev.Rkhard  Penneck,M.  A, 

Henry  Pcnton,  Elq.  M.  P.  I^rd 

cf  the  Admiralty, 
Lucas  Pepys,  M.  D.  F.  A.  S. 

Pbyjician  extra  to  his  Majefy, 
Thomas  Peidval,  M.D.  F.A.& 

WUiia]iiPh'ilpPerrm^fq.F.A.S. 
RoB£i.T  Ebw*  Lord  Fbtke, 
F.A.S. 

James         Petty,  Efq. 
Cranado      Pigotc,  Efq. 
Nathaniel  Pigott,  Efq.  JcaJ,iiif» 

BrtLXtU.     Cm/o/h.  Stciaif  IsS  Pari/.  CorreJ^. 

William  Pitcairn,  M.D.  Pref.  R, 
Coll.  Fbyf.  Tnifi.  Br.  Mufi 


E  M  B  £  R 

John         Pitt,  Elq. 
Qtheb  Earl  of  Plymovth. 

Baron  Jof.  Lewis  Podmaniczky. 

Mr.  Jofeph  Poli. 

Allan  PoUok,  M.  D. 

Al  EXANJ>£RLord  POLW ARTH. 

Edward      Poore,  Efq. 

W*  HkN.  puke  of  PoitTLAMOy 

F,A.S.TruJ.Sr.MiS/: 

Mr.  Pcrcivall  Pott. 

Thomas    Pownall,  Efq.  F.A.S. 

Jacob       Prcllon,  Efq.  F.A.S. 

The  Rev.  William  Prefton,  M.  A* 

TheRev.  Bkhard  Price,  D.  IX 

The  Rev*  Jof.  Prieftlej,  LL.D. 

Samuel       Prune,  Mq. 

Sir  JohnPringle,  Bart.  F.A.S. 
Pbyjician  <xha  to  hh  Majtjiy 
and  Phyfcian  to  her  Majefiy^ 

Ac,  R.  Sc»  Par.  H  Pet  rep.  See, 

Richard       Pulteney,  M.  D. 
The  Rev.  Mr.  Henry  Putmatu 

Major  Gen.  Charles  Rainsford. 
Sur  Walter  Rawlinfon,  Knt. 

F.A.S.M.P. 
Samnel  Re3mardfon;  Efq.  F.A.S« 
Sir  Jofhiia  Reynolds,  Kttt  Pr. 

Roy.  Acad, 
The  Rev.  Robert  Richard/bn, 

D.  D.  F.  A.  S. 
£  Chailes 
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Cii ARLBS  bake q£Kichu6^9, 
Mr.  David  Riz. 
Matthew     Robinfon,  Efq. 
Ch  A.  Marquis  of  RocKiNeuAM, 

Kft  G.  F>  A»  S. 
John         Rodnick,  M.  D. 
Charles  RogeiS9Efq«F.A«S* 
John  Rogerfon,  M.  D.  Phyjkum 

to  the  Emprefs  of  RuJJia, 

Robert  LordRoMNEY. 
Colonel  Wmiam  Roy,  F.  A.  S. 

D^^^artermafter  General. 
Francis     Rufleil»  Efq.  F.  A.S. 
Fttrick      Riifiel,  M.D; 
William      Ruffcll^  Efq.'  • 
Thomas     Ryva^  Efq,^ 

Coiint  Jcrom  de  Sails. 

The  Rev.  Henry  Jerom  dc  Sails, 

D.D.F.  A.S. 
Jofeph   Saivador^  ETq^  F..  A..$. 
Sir  George  Savlle^Bart. 
Richard      Saunders>  M..D; 
Kenneth  Earl  of  Seajorth, 

F.  A.  S. 
William  Seward,  Ef<i,  F.  A.  S. 
Lancelot     Shadwdl.  'SA^ 
Mr.  WUiiam  Sharps 
The  Rev,  Anthony  Sheph«iil». 

D.  D.  Prof,  Jifiron,  Camkf. 

MOLYNEUX  Luid  ShULDHAM, 

M  J*.  Vice  Admiral  oftht  Red, 


EMBERS. 

Robert       Shnttfeworth,  Efq» 

Sir  John  Silveftcr,  Knt.  M.  D,. 
John  Silvefter,  Efq. 

Samuel  Foart  Simmons,  M.  D* 
Mr.  John  Smeaton. 
Adam        Smith,  LLt  P* 
Sir  John  Smith,  Bart.  P.  A.  SL 
JamesCannichadSmith,  M«D» 
Daniel  Charles  Solander,  LL.IX 

Philiv  Earl  Stanropb.. 
Edward    Stanley,  Efq.  F.  A.S*. 
The  Rev.  Henry  Stebhing,  D.D* 

F.  A.  S. 

;  PhiiipStephcns,Efq.M.P.F.A.Si, 
Secretary  to  the  Admiralty, 

Mr.  Robert  Sterling. 

The  Rev.  li&tthew  Stcwaft^ 
IX  D.  Pr^  Math.  tJinb. 

John  Strange,  Efq-^/i  Majtjiy^ 
RiilJent  at  yiettioe»  F.  A. 

Injtit.  BtmH.  Soc» 

James      Stuart,  Efq.  F.  A.  S.. 
Charles  Earl  of  Surry,  F.A.S,. 
The  Rev..  Philip  Van  Swindcn,. 
M;  A. 

The  Rev.Sidaey  Swinney,  DJ>^ 

Kr  John    Taytor,  BartF^-Sv 

Michael      Ttighe,  M.  D. 

Sir 
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Sir  Noflk  Thomas,  Kirt.  Fbyfi*- 

dan  to  bis  Majefty. 
Benjamin     Thompfon,  Efq. 

John  Earl  of  Tilney. 
John        Topham,  Efq.  F.A.S. 
Marmadiikc  Tunftal,  Efq.  F.  A.S. 
Joba  Tnrton,  M.D.  PbjficioHto 

ber  Majeflfs  E^M/bd!4. 
Bicliflrd      IVfg,  Efq. 
Thomas      T^rwliitt,  Efq. 

Mr.  Ttioinsf  Vige. 

Rodolph  de  Valltravers^  Efq. 

F.  A.  S.  Spf.  R,  Upf  Stc. 
Kalph  Earl  Verney,  M.P. 
John  Earl  oC  Ufpbr  Ossokt, 

John      Upton,  Efi|<  F*  A.  & 

Mr.  Willkitt  Wales,  Mafter  of 
ibi  Jdatbemaficai  School  m 
CMJ^i  Ho^ial. 

Mr.  George  Walker. 

James         Walker,  Efq. 

Hon.  Horatio  Walpole. 

John  Waini,Efq.F.A*S. 

Thomas  Lord  Walsingham. 

Edward' Wartpg»  Prof.tf 
Maib.  Camh. 

Richard  Hill  Waring,  Efq. 

Mr.  Jofeph  Warner. 


E  M  B  E  R  S. 

GsoROB  Earl  of  WAltvrxclt^ 
P.A.S. 

Mr.  Henry  Watfon. 
James         Watfon,  LL.  D. 
Jonathan     Watfon,  Efq. 
The  Rev.  Richard  Watfon,  D.IX 

Reghts  Prof.  Dh,  Camb.  * 
WiUiwn  Watfon,  M.  D.  Trufi. 

Br.mf. 
William  Watfon,  Jun,  M.  D. 
Sir  John    Webb,  Bart.  F.  A.  S. 
William      Webber,  Efq. 
George  Samuel  Wegg,  Efq, 
Hon.  TiMNnaf  Frauds  Wenmaii; 
Robert   Wefion,  Elq.  F.  A.  8» 
Mr.  Charles  WhiCe. 
Thomas      White,  Efq. 
Mr.  John  Whitchurft. 
Thomas      Wilbrahamj  M.  D. 
John  Wilkes,  Efq. M.P.  Chanii^ 

herlamof  the  City  of  Londnt. 
Ifiael  Wi]kes» 

JohiiWi]]ciidbn,M;D.9Jt.<9iMXWv  * 
Ralph  Willet,  Efq.  F.  A.  S. 

Mr.  Dionyfius  Williams. 

Sir  Edward  Wilmot,  Bt.  Ph^fi* 

cian^o  his  Majefty, 

John         Wilmot,  £iq*  * 

Mr*  Benjamitt  Wilfbn,  A^J^Fetn 

B  z  WiUiatll 
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William     Windham,  Efii^ 
Edwakd  Earl  Wintert^n. 
John.        Wintfarop^.  Efc^. 
1^-  Clifton  Wintringham.  Bt. 

Pbyjtcian  1o  hk  Majefiy, 
George  Witchell,  Mafter  of 

the  Royal  Academy  at  Farif- 

mouth. 

Nath.  Matthew.  W«1^'M«.  D. 

Fhf,  G,<Un.  Sot, 

The  Rev.  Francis  WoUafton^ 
LL*B. 

The  Rev-  Qm^  Wollafton, 


E  M  B  E  R  S. 
Thorn  as      Wcx)d,  Eiq.  -  • 
Rt.  Hon.  Sir  Rich;  Worilej^^Bt 
F..A..&.M.P.. 

Kfr.  Petec  Woulfe. 

Danid  Wray,  Efq.  F.  A..  S.. 

trujl,  Br.  Muf.. 

Richard.      Wright,  M.  D.. 

William.     Wright,  M. 

Mr.  John  Wyatt. 

The  Rev.  Willtam.Wjatt,M.A* 

Hon,  John  Yorke,  M.  PT 

AVthii^        Young,  Efq*. 

Sir  Willistfn  Yp.ung,^  Bare  ,  . 
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D.  Michael  A  Jat^n,  Big*  Sc.  Acad*  Pan  S$c* ' 

D.  Joh.  Baptifta  Aibertini»  Princeps  Sanjevcrinus^ 
D.  Juh.  u'Alembert,  Reg.  Sc.  Acad,  Par}f,(S  BeroUn,  Soc. 
D.  Job.  Nic,  Sebail.  AUamand,  Phil.  Prof.  LugJuno^Botav*. 
D.  Cacoius  AUionr,  M.  D.^ot.  Prof.  Taurincnji. 
Petrus  Afcanms*  M.  D.  Hrfnia% 

p.  .  Barthclcmy ,  B^s  hjcr.  &  Sum  LH.  AL  Par.  See. 

D«..Lud.  de  Beaufort,,  LU*  D.  Moff-Trajea. 

D.  Joh.  Baptift.  Jac.  Elic  dc  Beaumont,  in  Sen.  Par.  Cauf.  Pat. 

D.  Joh.  Baptlft.  Bcccarla, ,  Phil.  Exp.. Prof  Reg.  Taurinenf. 

D.  Petrus  Jonas  Ber^ius,  M,  D.  Hift.  Nat.  Prof.  Stockholm^, 

D.  Thorbern  Bergman,  Cbemia  Pmf.  Upfal. 

1\M.  Job.  Baptift.  Bernard,.  M..D.  Med.  Prof.  Dmcenf 

©..Dawei  Bcrnonlii,.  R.  Sc.  4»  Par.  SocPr.Afir.  BafK 

D.  Ftrd, 
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D.  Ferd.  Berthoud,  Neocom,  Heiv, 
D.  JoT,  Stepfa.  Bertier,  Parjfienfis* 
D.  Carolus  Bonnet^  Gmvenjis. 
D.  Ignatius  S.  R.  I.  Equcs  a  Born, 
D.  Roger  Bofcowlch,  Ajh  oji.  Prof.  Mcdlol. 
D.  Joh.  Maur.  Comes  Brulil,  Oi  at,  Elcdi.  Sax.  ad  Bn{»  Reg. 
D.  Jof.  Laurent.  Bruni,  A/.  D.  jinat,  Pr.  Taur, 
D.  G.  L.  le  Clerc Comes dc  Buffon,  R.S.  A.  Par..Si.  &  Hort.R.  Pr. 
D.  Mar.  Ant.  Lieop.  Caldani,  J§nat.  Prof,  Patav, 
D.  Petrus  Camper^  M*  D,  Med..Pr;Gron. 
P.  Marcbio  Domtn.  CaraccioH. 
D.  Joh.  Baptift.  Carburi,  Prof,  Med.  Reg.  Tjurhi. 
D  C.£{ar  Franc.  Caflini  de  Thnry,  R,  S.  A,  Pari/.  £3*  Berol.  Soc, 
D.  Joh.  CaftigJione,  Ac.  R,  Sc.  BeroL  Sot, 
D.  R.  Can  moot,  MD.  Par  if ^ 
D.  Paul  Cekfia,  mtL  GemenfaA 
0*.  Jof.  Bern*  Marchio  de  Chabert,  JR.  S,  A,  Pari/, .Soc, 
I>.  Job.  Bapt.  6e  la  CbapeUe,  Parijhnfis. 
D.  JLud.  Mar.  Jof.  d'Aibat  a'x^illy,.  Dux  deChauliies- 
D.  Job.  Franc.  Cigna,  Af.  D.  Taurinenfis, 
D.  Franc.  Gnbr.  Coyer,  Pari/. 

D.  Lud.  Job;  Mar.  Daubcnton,  M.  D.  A.  R.  S.  ParM  Ber^S.. 

D.  Petni3  Da? ila,  Hijj^mfs. 

D.  A*  Gcoigius  Eckbard,  Hag^t  Comj 
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1.  Natural  Hiflory  and  Defcription  of  the  Tyger-cat  of  the 
Cape  of  Good  Hope*   £y  John  Reiobold  i^oriler,  Id^.Dg 


Read  November  p.  178^4 

FEW  tribes  of  quadrupeds  have  5n  Africa  more  npre(cnta^ 
dves  of  their  di^rent  fpedes  than  that  of  the  Cat.  Tha 
genus  of  Ahteiofes.  may  perhaps  be  excepted,  fince^  to  my 
biowlcdge,  about  twenty  different  Gbazels  and  Antelopes  are  to 

be  met  with  in  Africa ;  but  no  more  than  about  eight  or  nine 
of  the  Cat  tribe  have  hitherto  been  difcove red  on  that  continent. 
However,  I  know  about  twenty-one  difierent  ijpecies  of  thif^ 
VouliXXI.  B  great 


i  Dr.  FORster's  Hlflory  and  Defcriptlon  of 

great  clafs;  and,  1  fuppofey  thefe  by  no  means  exhauft  this 

numerous  tribe. 

The  greater  and  more  numerous  the  difierent  genera  of  ani- 
mals are,  the  more  difficult  it  muft  be  to  the  natural  hiflorbit 
properly  to  arrange  the  whole  of  fuch  an  extenfive  diviiion  of 
animals,  efpecially  if  they  arc  not  equally  well  known.  To 
fbrm  new  genera,  in  order  to  difpofe  and  arrange  them  under, 
b  a  remedy  which  increafes  the  evil,  inftead  of  curing  it.  The 
beft  method,  therefore,  which  can  be  devifed,  is  to  make  great 
divifioni.  la  each  genus,  comprehending  thofe  fpecies  which,  oa 
account  of  fome  commoii  rciatio:i  or  charader,  have  a  greater 
affinity  to  one  another.    The  genus  of  Cat,  to  which  the  ani- 
mal belongs  we  are  going  to  fpcak  of  more  at  large,  offers  three 
very  eaiy  and  natural  ijjb-diviiions.   The  Jirjl  comprehends  ani*^ 
mals  related  to  the  Cat-tribe,  with  long  hair  or  ndanea  on  their 
necks ;  fecondfyy  fuch  as  have  remarkable  long  tails  without  any 
marks  of  a  mane  on  their  necks;  lajlly,  fuch  as  havearbrufli 
of  hair  on  the  tips  of  their  ears,  and  Ihortcr  tails  than  the  fe- 
COnd  fub-divilion.    The  firfl:  might  he  called  in  Latin  Feles 
jf^ata ;  the  fecond  fub-divilion  fhould  he  named  JFJures  ;  and. 
the  third  and  laft*  Lffnceu   To  the  firfl  fub-diviiion  the  Lion 
and  the  hmahg  Uopard  or  Indian  Chiiiah,  belong.   The  fe- 
cond fub-divilion  omiHls  of  the  Tyger^  the  Paniher^  the  'Lit^ 
far  J,  the  Ounce,  the  Puma,  the  Jaguar-ete^  the  Jaguara^  the 
Ocelot  J  the  Gtngy  of  Congo,  the  Mamkaya,  the  Tyger-cat  of 
the  Cape  or  the  'N/uffl  of  Congo,  the  TiSeian  'iyger-cat  which  I 
faw  at  Petcrfburg,  the  common  Bujb-cat  of  the  Cape ;  and, 
laftly,  the  vild  Cat,  and  its  domeftic  varieties.   To  the  third 
divUion  belong  the  Lynx,  the  Caracal,  the  Serval^  the  Bof 
and  the  Gbaus  of  i^rofeflbr  0UX.PBII8TSDT. 

Sinct 
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Since  it  is  quite  foreign  to  my  purpofe  to  fpeak  of  thole  Ipe- 
des  which  are  known  already  to  the  naturalift,  I  confine  myfdf 
to  that  rpecies  only  which  hitherto  has  been  imperfe^l/  knovm 
to  natuiaHfts. 

The  firft  notice  we  had  of  the  Cape  Cat  is,  in  my  opinion, 

to  be  met  with  in  i.abat's  Relation  Hijhrique  de  rEth'wpie 
KcitUntak^  torn.  I.  p.  177.  taken  as  is  fuppofed  from  Father 
CARAzzi.  LABAT  mentions  there  the  ^NfuJ/i,  a  kind  of  wild 
Cat  of  the  fize  of  a  Dogt  with  a  coat  as  much  flripedand  varied 
is  that  of  a  Tygir.  Its  appearance  beipeaks  cruelly,  and  its  eyes 
fieratiers ;  but  it  is  cowardly,  and  gets  its  prey  only  by  cunning 
and  infidious  arts.  AU  theie  charafters  are  perfe^Iy  applicable 
to  the  Cape  Cat,  ^nd  it  feems  the  animal  is  ruutiJ  in  all  parts  of 
Africa,  from  Congo  to  the  Cape  of  Good  Hope,  in  an  extent  of 
coontry  of  about  eleven  degrees  of  latitude,  kolbe,  in  his  Prefent 
Stati  tf  the  Capi  G^d  Hepe^  vol*  IL  p.  127.  (of  the  EngUih 
e£don)  fpeaks  of  a  Tyger  Bu/h-cat^  which  he  defcnbes  as  the 
largeft  of  all  the  wild  Cats  of  the  Cape-oountries,  and  is  fpot- 
ted  fbmcthing  like  a  Tyger.  A  Ikin  of  this  animal  was  (ecn  by 
Mr.  PENNANT  in  a  furrier's  fhop  in  London,  who  thought  it 
came  from  the  Cape  of  Good  Hope ;  from  this  (kin  Mr.  pen- 
VAVT  gave  the  firft  defcriptioa  which  could  be  of  any  utility 
to  a  natural  hiftorian  '^^  All  the  other  authors  mention  this 
animal  in  a  vague  manner*  When  I  and  my  ion  couched  the 
iecond  time  at  the  Cape  of  Good  Hope  in  the  year  1775,  an 
unlmal  of  this  fpecles  was  0111x1  d  i  ie  topurchafe;  but  Ireffufed 
buying  it  becaufe  it  had  a  broken  leg,  which  made  me  apprehen- 
fwe  of  lofing  it  by  death  during  the  paflage  from  the  Cape  to 
London.   It  was  very  gentle  and  tame.   It  was  brought  in  a 

*  PIVNAKT**  Syaopfie  of  Q^ad(uped<|  p.  i8x.  firft  edit* 

B  2  baiket 
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baiket  to  my  apartment,  where  I  kept  it  above  four  and  twenty 
hotirs,  which  gave  me  the  opportunity  of  defcribing  fty  and  of 
6bferving  its  manners  and  oeconomy ;  as  it  did  to  my  ibn  that 

of  making  a  very  accurate  drawing  of  k. 

After  a  moft  minute  examination,  I  found  its  manners  and 
oeconomy  perfe£Hy  analogous  to  thofe  of  our  domcftic  Cats.  It 
ate  frefh  raw  meat,  and  was  very  much  attached  to  its  feeders 
and  benefadors :  though  it  had  broke  the  fore-l^  by  acddent* 
it  neverthelefs  was  very  eafy.  After  it  Had  been  feveral  lime» 
fed  by  me,  it  ibon  followed  me  like  a  tame  favourite  Cat.  Ik 
liked  to  be  ftroked  and  carefled ;  it  rubbed  its  head  and  back 
always  againft  the  pcrfon's  cloaths  who  fed  it,  and  defired  to  be 
made  much  of.  It  purred  as  our  domeftic  Cats  do  when  they 
are  pleafed»  It  had  been  taken  when  quite  young  in  the  woods^ 
and  was  not  above  eight  or  nin^  months  old ;  I  can,  however^ 
podtively  aver,  having  fccn  many  ikins  of  full-grown  Tygcr* 
cats  *,  that  it  had  already  very  nearly,  if  not  quite,  attained  its. 
full  growth.  I  was  told,  that  tlic  T/gcr-cats  live  in  moun- 
tainous and  woody  tra<5ls,  and  that  in  their  wild  ftate  they  are 
very  great  deftroyers  of  Hares,  Rabbits,  Ycrbuas,  young  An- 
tielopeSy  I^ambkins,  and  of  all  the  feathered  tribe*. 

DESCRIPTIO  F£LIS  CAPENSIS. 

Felis  Cauda  fiib-elongata,  annulata  x  corpore  fulvo,  fupra  ma- 

culis  virgatis  infra  orbicularibus^  auriculis  nigris,  macula^ 
lunataaiba. 

*  Thele  ikiiu,  with  fevcml  others  of  rare  and  non-defcript  animals,  I  bought- 
at  a  very  con(iderabte  expencc,  and  depoiitcd  in  the  Britiib Muieum,  that  valuable 
Ajitioxul  repoiitorv  of  artificial  and  natuxal  curiofitics* 
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V^^yi^   LABAt  Etbiopic.  Occident,  torn.  L  p.  i^;^, 
^^fr  Bofclhkaiten.   KOLBB  Cape  of  Good  Hope,  vol.  11. 
p.  127.  (Engl,  edit.) 

Cape^cat,    pennant  Syu.  Q^iadrup.  p.  iSr.  (i ft  edit.) 
Corpus  magnitudine  F«'//i  Cat i  J'y he/iris  vcl  paulo  majus".  In 
genere  fupra  colore  palUde  fulvo,.  fubtus  e  cinereo  albo,  ma^ 
culis  atris. 
(Fili  apice  pallide  fiilvf,  ba(i  albl.)^ 

Hg^r^  fnagis  acuto,.  quam  F.  Cati,  albo ;  itr  labio  fupe- 
riore  propc  angulum  riv5lub  macula  orbiculata,  nigra.  Nares 
nudic,  atra?.    Myjlace^  plurium  ordlnum  in  labio  fuperiore  et 
fupra  oculos  validac,  albae  et  fulvije.    OcuU  tigura  fcre  trian- 
guli  fphaerici,  latere  anteriore  perpendiculari ;  iridi$  fiavic- 
Pufilia  orbicularis,  diurna  (nec  ut  in,  F.  Cato  perpendiculari 
fima  lemniicata).   Lh^gua  rettofucn  aculeata*   Dentes  scatk 
'  ut  in  cogeneribus* 
Luica  albida  utrinque  nafo  parallcla,  ad"  interiora  oculoruin> 
latera.    Linea  nigra  paullulnm  convcrgens  a  cantho  antc-^ 
xiore  oculorum  defcendit  iu  uafum  y  alia  dua  nigra  fupnt 
•culos  infra  convergentes,  inque  frontem  aicendenteas 
praeterea  in  cxpiVtpimSa  et  UneoUe  ntgr^  plures  iparlae; 
JhiricuJie  amplae,  longitudine  fere  capitis,  ovatae,  fubere^b;^ 
inius  villofae,  ochroleucas;  extus  nigrae,  macula  lunata^ 
tranfverfa  alba..  Alargq  exterior  facculo  membranaceo' 
nudo,  lobato.. 

Cmrfus  ovatum,  elegans,  Lima  atra  longltudiaales  quatuorm* 
eervice  inter  aurium  bales  orfae,  in  Dorfi  interrupt^e ;  Supe-^ 
rwra  /tf/^Mn  obtinent  maculae  oblongse,  lineares,  obliquae^ 
^eriora  Htferum  laacnlis  rotundis  fparfis.  Abdomen  tcmtKO^ 
alburn^  maculis  rotuadls  parvis,  ii^arfis,  uigris* 

^edcfi 
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Pedes  omnes  iliperne  fubfkfciati,  extremitadbus  pun£lls  numero- 

fi8,  nigiis  conrperfi.    Digit i  <^uin^ue  felini.    Ungues  modici, 

retradiles,  nigri. 
Cauda  attingit  baiia  tu^  anaulis  dxciter  qQ»  vd  dficem  ttsgris 

4BllllQsic 

M  £  N  S  U  R  j£. 


Ab  apkoe  coftri  ad  baiin  caadae 
Cauda 

Caput  loogum 
Auricube  mai]^e  cxteriora 
Pedes  anieriores  a  cubito 
Pedes  pofUci  (tarfi  fcilicet) 
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Experiments  and  Obfervattom  on  the  fpccific  Gravities  and 
attra^ive  Powers  of  various  Jaiine  Subjances,    By  Richard. 

Ripad  November  16,  1786^ 

THE  doctrine  of  chymical  affinities  hath  of  late  received! 
great  improvements  from  the  labours  of  the  very  excel- 
lent Mr.  BERGMAN  of  Upfal,  and  the  ftill  later  refearches  of' 
Mr.  WENTZEL  ;  but  the  order  of  thefe  attractions  has  hitherto 
been  thaoiiJ/  point  attended  to  by  theiephilofofihers,,  as  well  as 
bjr  mo&  preceding  chymifb :  for  I  know  of  none,  except  Mr* 
UORYBAV  of  D^on,  who-  has  thought  of  aibertaining  the  va- 
rious degreed  of  ftrce  of  chemical  attraction,  hj  which  one 
body  aOs  on  various  other  bodies,  or  even' on  the  fame  body- 
in  various  circumftances.    He  has,  however,  fo  ably  fhewn  the 
advantages  arifing  from  fuch  an  inquiry,  that  I  have  made  it 
theobje^  of  my  attention,  and  bellowed  much  pains  on  it  for 
ibme  time  pad ;  and  have  been  thereby  enabled  to  detensine.- 
pietty  exa^y  the  proportbn  of  the  ingredients  of  many  neu— 
tial  faltSy  aad  l&kt  ipecIHc  gravity  of  the  mineral  adds  in  their*' 
pureft  ftate,  and  firee  fiom  all  water.   The  principles  on  which* 
thefe  determinations  are  founded  iUc  the  ioilovving. 

I  ft.  That  the  fpecific  gravity  of  bodies  is  as  their  weighty 
divided  by  the  weight  of  an  eqpal  bulk  .of  rain  or  diAilled  wai- 
ter, this  being  at  prefoit  the  iUndard.with  which  evei;.  othef<' 
body  is  oooipaKd..  ' 


18    M/. « IR  WAN*s  EacperimntSf  Sec  on  the  fpecific  Gravities 

2dly.  That  if  bodies,  fpecifically  heavier  than  water,  be 
weighed  in  air  and  in  water,  they  lofe  in  water  part  of  the 
weight  which  they  were  found  to  have  in  air ;  and  that  the 
weight  fb  loil  is  juft  the  fame  as  that  of  an  equal  bulk  of  wa- 
'tefy  and  confequently  that  their  fpecific  gravity  is  equal  to'their 
weight  hi  air,  or  ahjolute  weighty  divided  bj  their  loft  of  weight 
in  water. 

jdly.  Tliat  if  a  folid,  fpecifictilly  heavier  than  a  hquid,  be 
weighed  firft  in  air,  and  then  in  that  hquid,  the  weight  it  lofes 
is  equal  to  the  weight  of  nn  equal  volume  of  that  hquid ;  and 
confequently  if  fuch  folid  be  weighed  6ril  in  air,  then  in  water, 
and  afterwards  in  any  other  liquid,  the  fpecific  gravity  qf  Iftis 
liquid  will  be  as  the  weight  loft  in  it  by  fuch  folid,  divided  by 
the  lofs  of  weight  of  the  fame  iohd  in  water.  This  method  of 
finding  the  fpecific  gravity  of  liquids  I  have  found  much  more 
exad  than  that  by  the  areometer,  or  th?«omparifon  of  weights 
of  equal  meafures  of  fuch  liquids  ^nd  water,  both  of  which  are 
fubje£l  to  ieveral  inaccuracies. 

4thly.  That  where  the  fpecific  gravity  of  bodies  is  already 
known,  the  weight  of  an  equal  bulk  of  water  may  alfo  be 
found,  it  being  as  the  quotient  of  their  abfolutc  weight  divided 
by  their  fpeci£c  gravity.  This  I  ihaU  call  their  iofi  of  weight 
in  water. 

Hencci  where  the  fpecific  gravity  and  abiblute  weight  of  the 
ingredients  of  any  compound  arc  known^  the  fpecific  gravity  of 
fuch  compound  may  eafily  he  calculated  as  it  ough"^  to  be  inter- 
mediate betwixt  that  of  the  lighter  and  that  of  the  heavier,  ac- 
cording to  their  fevcral  proportions  :  this  1  call  the  maihema" 
iical  Ipecific  gravity.  But,  in  fad,  the  fpecific  gravity  of  com- 
pounds, found  by  a^ual  experiment,  feldom .  agrees  with  that 
found  by  calculation ,  but  is  often  greater  without  any  dioiinu- 
%  '  •  tbft 
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*  tion  of  the  lighter  ingredient.  This  increafe  of  denfity  muO: 
then  ariie  from  a  clofer  union  of  the  component  parts  to  each 
other  than  either  had  feparately  with  its  own  integrant  parts; 
and  this  more  intimate  union  muft  proceed  from  the  attra^on 
or  affinity  of  theie  parts  to  each  other :  I  therefore  imagined 
this  attraction  might  be  eftimated  by  the  increafe  of  denfity  or 
fpecific  gravity  and  was  proportionable  to  it,  but  was  fooii  un- 
deceived. 

I  mu£k  alfo  premife,  that  the  abiblute  weights  of  many  ibrts 
of  air  have  been  accurately  determined  by  Mr.  fontana,  at 
whoie  experiments  I  was  pre&nt,  the  thermometer  being  at  55% 
and  the  barometer  at  29  i  inches,  or  nearly  ib.  Their  wdghts 
were  as  follows : 

Cubic  inch  of  common  air  «  ^^3^5 


Fixed  air  .         •        •  0,570 

Marine  air  •         «         •  0,654 

Nitrous  air  -          -          •  ^7^99 

Vitriolic  air  -           -           •  °»778 

Alkaline  air  -          -        -  o,a 

Inflammable  air  •          -  o»03 


OF  SPIRIT  OF  SALT. 

From  the  time  I  firft  read  in  Dr.  priestley*s  Experiments 
on  Air  (that  inexhauftible  fource  of  future  difcoveries)  of  the 
eihilHtion  of  marine  add  in  the  form  of  vax^  free  from  wa- 
ter; and  that  this  air,  reunited  with  water,  formed  an  acid 

liquor  in  all  refpedis  the  fame  as  common  fpirit  of  fait ;  I  con- 
ceived the  poffibility  of  ditcovcring  the  exadt  quantity  of  acid 
iu  fpirit  of  fait  of  any  given  lpeci£c  gravity,  and  by  means  of 
V0L.LXXI.  C  this 
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this  the  exadt  proportion  of"  acid  in  all  other  acid  liquors;  for 
if  a  giveu  quantity  of  pure  fixed  alkali  were  faturated,  firft  by 
a  certain  quantity  of  (pirit  of  fait,  and  then  by  determined 
quantities  of  the  other  adds,  I  oonctuded,  that  each  of  thde 
quantities  of  acid  liquor  muft  contain  the  fame  quantity  of  acid« 
and  this  being  known,  the  remainder  being  the  aqueous  part, 
this  alfo  muft  be  known  ;  but  this  conclufion  intirely  rcftcd  on 
the  fuppofitiou  that  the  faine  quantity  of  all  the  acids  was  requi- 
fite  for  the  faturation  of  a  given  quantity  of  fixed  alkali ;  for 
if  fuch  given  quantity  of  fixed  alkali  might  be  faturated  "by  m 
Smaller  quantity  of  one  add  than  of  another,  the  conclufion 
fell  to  the  ground.    This  point  might,  indeed,  be  in  fome  mea- 
fure  determined  by  weighing  the  neutral  falts,  formed  by  thefe 
acids,  when  thoroughly  dry;  but  flill  a  fource  of  inaccuracy 
remained  :  for  if  they  ^verc  expofed  to  a  confiderable  heat,  part 
of  the  acid  would  neceifarily  be  expelled,  and  more  of  one  acid 
than  of  another,  and  if  the  heat  were  not  confiderable,  much 
of  the  water  of  cfyfiallization  would  remsdn ;  fo  that  if  the 
weights  were  found  to  he  equal,  this  equality  could  not  be 
afcribed  to  equal  quantities  of  acid,  but  might  perhaps  arife 
from  a  fmaller  proportion  of  add  in  one  of  them,  and  a  larger 
proportion  of  water,  and  in  another  from  a  larger  propor- 
tion of  add  and  a  fmaller  proportion  of  water;  and  if  the 
weights  were  unequal,  no  certain  condufion  could  be  drawn. 
To  obviate  this  difficulty  I  'ufed  the  following  expedfent.    i  ft.  I 
fuppofed  the  quantities  of  nitrous  and  vitnohc  acids,  neceflary 
to  laturatc  a  given  quantity  of  fixed  alkali,  cxaclly  the  fame  as 
that  of  marine  acid  whole  quantity  I  determined;  and  to  prove 
the  truth  of  this  fuppofition,  I  obferved  tlic  (pecific  gravity  of 
the  fpirit  of  nitre  and  oil  of  vitriol  I  madeuie  of,  and  in  which 
I  fuppoied,  from  the  trial  vdth  alkalies^  a  certain  proportion  of 
%  acid 
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acid  and  water ;  I  then  added  to  thefe  more  acid  and  wateft 
and  calculated  what  their  fpecific  gravities  (hould  be  upon 
the  above  fuppodtion,  and  finding  the  refult  to  tally  with  the 

fuppodtioD,  I  concluded  the  latter  to  be  exa£V. 

The  experiments  made  on  the  marine  acid  were  as  follows. 

I  took  two  bottles,  which  1  hiled  nearly  to  the  top  with  dif- 
tilled  water,  of  whicli  they  contained  in  all  1399,9  gr.  and  In- 
Hoduced  them  fuccefiively  into  two  cylinders  filled  with  marine 
,  «r,  wfakh  I  had  obtained  from  common  fait  by  means  of  dilute 
oil  of  ^triol  and  heat,  in  a  mercurial  apparatus ;  and  this  pro- 
cefs  I  renewed  until  the  water  had  imbibed,  m  eighteen  days, 
about  794  cubic  inches  of  the  marine  air.  Tlie  thermometer 
did  not  rtiie  all  this  time  above  55%  nor  imk,  unkfs  perhaps  at 
night,  under  50%  and  the  barometer  was  between  29  and  30 
inches.  This  water,  or  rather  ij^t  of  fait,  I  then  found  to 
weig^  1920  gr.that  is  520,1  nx>re  than  before.  The  quantity 
of  manne  a\r  abforbed  amounted  then  to  520,1  gr.  I  then  exa- 
mined the  ipcciiic  gravity  of  this  fpirit  of  lalt,  and  found  it  to 
he  1,225.  Its  lofs  of  weight  in  water  (that  is,  the  weight  of 
an  equal  bulk  of  water)  ihould  then  be  1567,346  gr.  nearly; 
but  it  contained  only,  as  we  have  l^n,  1399*9  gr.  of  water ; 
therefore  iiibtrading  thi?  from  x  567,346,  the  remainder  (that  is, 
167,446)  muft  be  the  lofs  of  520,  t  gr.  of  marine  acid  i  and  con- 
lequcntly  the  ipcciric  o;iavlty  ot  the  pure  marine  acid,  in  fuch 
a  condcnfed  .ftate  as  it  is  iu  when  united  to  water,  muft  be 

=:  3, 100.   But  <H!l  it  might  be  iufpe£led,  that  the  den* 

fity  of  this  fpirit  did  not  intirely  proceed  from  the  mere  denfity 
of  the  marine  acid,  but  in  part  alfo  from  the  attraction  of  this 
acid  to  water,  and  though  the  length  of  time  requiiite  to  make 
water  imbibe  this  quantity  of  acid  made  me  judge  that  the 

C  2  attra^iou 
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attradion  was  not  very  confiderable,  yet  tbe  following  experi-* 
ment  was  more  (atisfaftory. 

I  expolLd  1440  gr.  of  this  fplrlt  to  marine  air  for  five  days, 
the  thermometer  being  at  50^  or  under;  it  then  weighed  1562 
.  gr.  and  confequently  imbibed  1 22  gr«  of  marine  air ;  its  (pecific 
gravity  was  then  1,253,  ^bich  agrees  exadly  with  what  it 
fliould  be  by  calculation. 

N.  B.  I  have  not  repeated  the  whole  of  thefc  experiments,  afr 
they  were  very  tedious ;  but  I  began  them  over  again  fev  cral 
times  before  I  could  afcertain  with  any  precifion  the  quantity  of- 
marine  air  abibrbed,  as,  when  the  whole  of  a  cylinder  full  of 
air  was  ablbrbed,  it  was  difficult  to  ftop  the  bottles  fb  as  to  pre- 
vent any  mercury  from  falling  in ;  and  I  was  obliged  eveiy  night 
to  £1.1  the  cylinders  with  air,  left  if  there  remained  but  a  fmall< 
quantity  it  might  be  imbibed  before  morning,  and  the  mercury 
fall  into  the  bottles.  I  aUb  made  fome  allowance  for  the  com- 
mon air  which  I  could  not  avoid  letting  into  the  cylinder  with 
the  marine  air,  as  will  be  very  apparent  to  whoever  repeats  the 
experiment. 

Being  now  fatisfied  I  had  diicovered  the  proportion  of  acid* 
and- water  in  fpirit  of  fait,  I  was  impatient  to  find  it  in  other 
adds  alfb ;  and  for  that  purpofe  I  took  1 80  gr.  of  very  ftrong- 
oil  of  tartar  per  M'guium,  but  of  whofe  fpecific  gravity  I  can 
find  no  note,  and  found  it  to  be  faturated  by  180  gr.  of  fpirit 
of  fait,  whofe  fpecific  gravity  was  1,225.  Now,  by  calcula-^ 
tion  it  appears,  that  180  gr.  of  this  fpirit  contains  48,7  gn  of 
acid  and  131,3  of  water,  and  hence  I  drew  up  the  ^sUowing; 
table. 
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The  fpeclfic  gravity  of  the  ftrongefr 
fpirit  of  fait,  made  in  the  ufual  way,  is, 
according  to  Mr.  baume,  1,187, 
cording  to  Mr.  bergman,  1,190;  but 
we  read  m  the  Paris  Memoirs  for  the 
year  1700,  p.  191.  that  Mr.  HOMBBHa 
paflTed  a  fpirit  vvhofe  fpccllk  gravity  was 
I, JOG  ;  and  that  made  by  Dr.  priestley 
(fee  vol;  III,  p.  275.)  muil  have  beeui 
about  1,500. 

Hence  we  fee,  that  fpirit  of  fait,: 
whoie  fpecific  gravity  is  1,261  or  lefs,. 
has  little  or  no  attra£Hon  with  water,  and- 
therefore  attracts  none  from  air,  and  on 
that  account  does  not  heat  a  thermometer 
whoie  ball  is  dipped  in  it  as  fpirit  of  vi- 
triol and  fpirit  of  nitre  do,  as  has  lateljr 
been  obierved  by  the  Friendly  Society  oh 
Berlin. 

This  table  is  not  exaflly  accurate,  as 
I  had  not  in  this  fi?ll:  experiment  found 
the  point  of  faturation  as  nicely  as  was 
requifite.  Howfver,  I  have  not  corredledr 
it,  as  the  error  is  but  fmall»  and  the* 
proportion  may  at  any  time  be  found  by 
calculation ;  at  leaft  when  the  (pecific- 
gravity  ot    this  fpirit  docs  not  exceed' 
1,253.    Whether  the  mathematical  Ipecific  gravity  and  that  by" 
obfervation  differ  in  the  higher  degrees  of  fpecific  gravity,  I  have 
not  examined;  but  the  table  is  formed  on  the  fuppoiition  that* 
they  do  not. 
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Common  fpirit  of  fait  is  always  adulterated  with  vitiiofic 
acid,  and  therefore  not  fit  for  thefc  trials. 
'  latending  to  determine  by  this  experiment  the  proportion  of 
acid,  water,  and  fixed  alkali  ia  digeflive  as  it  is  called,  I 
took  100  gr»  of  a  folutien  of  a  toieraUy  ptire  vegetable  alkali 
that  had  been  three  times  caldhed  to  whitenefs,  the  fpecifio 
gravity  of  which  folution  was  1,097.  I  alfo  diluted  the  fpirit  of 
fait  with  different  portions  of  water ;  the  ipecific  gravity  of  one 
Ibrt  was  1,1 15*  and  of  another  1,09$. 

I  then  found  that  the  above  quantity  of  the  £blution  of  a  ve- 
getable alkali  required  for  its  faturation  27  gr.  of  that  ipirit  of 
iidt  whofe  fpectfic  gravity  was  1,098,  and  23,35  gr.  of  that 
fpirit  of  fait  whofe  fpecific  gravity  was  1,115.  Now,  27  gr.  of- 
fpirit  of  fait,  whofe  fpecific  gravity  is  1,098,  contain  3,55  gr, 
of  marine  acid,  as  appears  by  calculation.  As  the  principle  oa 
which  this  calculation,  by  which  the  proportion  of  fubftancea 
in  alloy  is  Ibund,  may  not  be  generally  known,  I  (hail  here 
mendon  them  in  the  wofds  of  Mr*  cotss. 

The      requiiite  are  the  fpecific  gravities  of  the  nnxture. 
**  and  of  the  two  ingredients*  •  »  •  •    Then,  as  the  difference 

of  the  fpecific  gravities  of  themixtui  c  and  the  lighter  ingre- 
.  **  dieut  is  to  the  difFerence  of  the  fpecific  gravities  of  the  mix- 
**  tore  and  the  heavier  ingredient,  fo  is  the  magnitude  of  the 

heavier  to  the  magnitude  of  the  lightec  ingredient.   Then, ' 

as  the  magnttade  of  the  heavier  multiplied  into  its  fpecific 
**  gravity  is  to  the  magnitude  of  the  lighter  multiplied  into  its 
**  fpecific  gravity,  fo  is  the  weight  of  the  heavier  to  tiie  weight 
**  of  the  lighter  ....    Then,  as  the  fum  of  thefe  weights 
■  •*  is  to  the  given  weigiit  of  either  ingredient^  lb  is  the  weight 
*  4«  given  to  the  weight  of  the  ingredient  fought.*' 

Thus^ 
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Thus,  in  this  cafe,  1,09^- 1,000=  ,098  is  the  magnitude 
of  the  heavier  ingredient,  viz.  the  marine  acid  ;  and,  098  x 
3,100=^0,3038  the  weight  of  the  marine  acid;  and,  ou  the 
Other  haady  3,100-' 1^09185:^,002  the  magnitude  of  the  wa- 
ter, and  a|Ooa  k  fpoo  =  2,00a  its  wdght;  thefum  of  thefe 
wdghts  is  2,3058  :  then,  if  293058  parts  of  fpirit  of  iidt  con- 
tain 0,3038  parts  acid,  27  gr.  of  this  fpirit  of  fait  will  contaia 
3,55  acid. 

lu  the  fame  manner  it  will  be  found,  that  23,35  gr.  of  fpirit 
ef  fait,  wlioie  ipeciiic  gravity  was  I9I15,  coutahied  3,55  gr. 
acid* 

The  {x»oti>f  fatvratioo  was  pretty  accurately  found  by  put- 
tbg  the  glals  cylinder  which  contained  the  alkaline  loludon  ott. 

the  {cale  of  a  very  fenfible  balance,  and  at  the  fame  time  weigh- 
ing the  acid  liquor  in  another  pair  of  fcales,  wlien  the  lofs  of 
weight  indicated  the  efcape  of  nearly  equal  quantitieg  of  the. 
fixed  air  coutained  in  the  folution  ;  then  the  acid  was  gradually- 
added,,  by  dipping  a  glafs  rod  into  it,  to  the  top  of  which  a: 
finall  drop  of  acid  adhered :  with  llus  the  (olution  was  ftirred^ 
and  very  finaH  drops  taken  up  and  laid  on  bits  of  paper  ftained. 
blue  with  radiih  juice.  As  foon  as  the  paper  wub  in  the  lead 
reddened,  the  operation  was  completed  fo  that  there  was  always- 
a  very  fmall  excefs  of  acid,  for  which  half  a  grain  was  con— 
ibntly  allowed;,  but  no  albwance  was  made  for  the  fixed  air,, 
which  always  remains  in  the  folution but  as,,  on  this  account,, 
only  a  fmall  quandty  of  the  alkaline  folution  was  ufed,  thi&. 
proportion  of  fixed  air  mufl  have  been  inconfiderable.  If  an 
ounce  of  the  foluti  )n  had  been  employed,  this  inappreciable 
portion  of  fixed  air  would  be  futficient  to  caufe  a  fenfible  error :. 
Ibr  I  judged  of  the  quantity  of  fixed  air  loO:  by  the  difference: 
batwixt  the  weight  added  to  the  100  gr.  and  the  a£hial  weight: 

oft 


i  6   Mk  kiawan^s  Experments^  &c.  wihefpecific  OnkliUi 

of  the  compound.  When  this  difRirencc  amounted  to  2,2  gt* 
then  I  judged  the  whole  of  the  fixed  air  expelled,  and  found  it  to 
be  fo,  as  100  gr.  of  this  alkaline  folution,  being  eVaporatod  to 
drynefs  in  a  heat  of  306%  left  a  refifi&utir^hich.  amounted  to 
lof  'gr.^  which  lof  gr.  contained  l,i  gt.  affixed  mt,  as  will 
hereafter  be  feen. 

Hence  8,3  gr.  of  pure  vegetabk  fixed  alkali,  free  fr  nn  fixed 
air  and  water,  or  10,5  of  mild  fixed  alkali,  were  fatuiatcd  by 
3»55  S**'  P""^^  marine  acid,  and  Confequently  the  refulting 
neutral  fah  fhould,  if  it  contained  no  water,  weigh  1 1,85  gr.  ; 
but  the  falts  refulting  from  this  union  (the  fblutbn  being  eva* 
porated  toperfed  diynefs  in  a  heat  of  160**  kept  up  for  four 
hours)  weighed  at  a  medium  12,66  gr.  Of  this  weight  11,85 
gr.  were  acid  nnd  alkali  ;  therefore  the  remainder,  ivii.  0,81  of 
gr.  were  water;  therefore  100  gr.  of  perfectly  dry,  digeflive 
fait  contain  28  gr.  acid,  6,55  water,  ^5,4  of  fixed  alkali. 

I  was  then  curious  to  compare  my  experiments  with  thoie 
thade  by  others,  but  could  not  find  any  made  wiiii  fuffidenC 
prccifion  but  thole  of  Mr.  romb^ro  in  the  Paris  Memoirs  fi:>r 
1 699.  However,  as  to  fpirit  of  fait  1  did  not  think  proper  to 
compare  them,  as  he  mentions  that  his  could  diflblve  gold,  and 
therefore  was  probably  impure, 

OF  SPtRiT  OF  NITRE. 

The  common  reddilh  brown  or  greeniih  ijpirit  of  nitre  con* 
taining,  befides  acid  and  water,  a  certain  portion  of  phlogifton, 

and  being  alfo  mixed  with  feme  portion  of  the  acid  of  iea  ialt, 
I  judged  unfit  for  thefe  trials,  and  therefore  ufed  only  the  de- 
phlogiilicated  fort,  which  is  quite  colourlefs,  and  refembks pure 
water  in  its  appearance.   This  pure  acid  cannot  be  made  to  exiA 

in 
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in  the  £>nii  of  air»  as  Dr.  priestlet  has  fhewn  ;  for  when  it 
Is  deprived  of  water  and  phlogifton^  and  furnUhed  with  a  due 
proportion  of  elementaiy  fire»  it  cea&s  to  have  the  properties  of 

an  acid,  and  becomes  dephlogifticatsed  air ;  I  could  not,  there- 
fore, deter iiiinc  proportion  in  fplrit  of  nitre  as  I  had  done 
that  of  the  mariue  acid»  but  was  obliged  to  uie  aoother 
nofithod. 

ift.  To  1963,25  gr.  of  this  ipicit  of  nitre^  whofe  ipectfic 
gravity  was  x^^ipv  I  graduallT-  added  179,5  gr.  of  diftiiled  wa« 
ter,  and  ^en  it  cooled  I  found  the  ipedfic  gravity  of  diis  mlx-^ 

ture  1,389. 

idly.  To  1984,5  gr.  of  this  I  again  added  173,75  gr,  of  vva« 
ter ;  its  fpecific  gravity  was  then  i»j62. 

I  then  took  100  gr.  of  a  iblution  of  fixed  v^etable  alkali, 
wliofefpedfic  gravity  was  1,097,  the  fame  I  had  before  ufed  in 
the  trials  with  fpirit  of  (idt,  and  found  this  quantity  of  alkali 
to  be  faturated  by  1 1  gr.  of  the  fpirit  of  nitre,  whofc  fpecific 
gravity  was  1,419;  and  by  i2gr.  of  the  fpirit,  whofe  fpecific 
gravity  was  1,389;  and  by  15,08  of  that,  whofe  fpecific  gra* 
vity  was  1,36a*  The  quantities  here  mentioned  were  the  me* 
dium  of  five  experiments.  I  found  it  uecciTary  to  dilute  the 
mtious  acid  with  a  fmall  proportion  of  water»  of  which  I  kept 
an  account.  When  I  negleded  this  precaution,  I  found  that 
part  of  the  acid  was  phlogifticated,  and  went  off  with  the  fixed 
air.  Note  alfo,  that  after  each  affufion  of  acid  ten  mirmt'^s 
were  allowed  to  the  matters  to  unite,  a  precaution  which  I  alio 
found  abfolutely  neceflary. 

Hence  (upon  the  fuppofition  that  a  given  quantity  of  fixed 
vegetable  alkali  is  faturated  by  the  fame  weight  of  both  acids) 
we  fee  that  1 1  gr.  of  fpirit  of  nitre,  whofe  fpecific  gravity  is 
1,419,  contain  the  fame  (quantity  of  acid  as  27  gr.  of  fpiiit  of 
UCXL  D  fait. 
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fait,  whofe 'fpecific  gravity  is  1,098,  that  13,  ^^,55  gr.j  the 
femaiiidef  of  11  gr.  is  thfetefoce  mere  water,  >»«  7,45  gr.  ; 
confequcntly,  if  the  denfity  of  the  acid  and  water  had  not  been 

increafed  by  their  union,  the  fpecific  gravity  of  the  pure  and 
mere  nitrons  ".cid  fliould  be  11,8729;  for  the  fpecific  gravity 
of  this  acid  (houldbc  as  its  abfolute  weight  divided  by  its  lofs 
of  weiglit  in  water,  and  this  lofs  ihould  be  as  the  total  lofs  of 
theie  1 1  gr.  minui  the  lofs  of  the  aqueous  part*  Now  the  total 

lofs=~j:^=?  7,j;r49,  and  the  lofs  of  the  aqueous  part  =  7,45, 

and  confequently  the  lofs  of  the  acid  part  is  7,749  -  7,45  =» 
j3,299,  and  thmfore  the  fpecific  gravity  of  the  add  parr,  that 

is,  of  the  pure  nitrous  acid»  is  1 118729. 

But  it  is  well  known,  that  the  denfity  of  the  nitrous  acid, 
as  well  as  that  of  tlic  vitriolic,  is  lncrc:ifcd  by  its  union  with 
water  ;  and  therefore  the  lofs  above  found  is  not  the  whole  of 
its  real  lofs  in  its  natural  ftate  (if  It  could  be  fo  found),  but  partly 
the  lofs  that  arifes  from  the  denfity  that  accrues  to  it  from  its 
unioti  with  water :  for  (ince  its  denfity  is  increafed  by  this  union, 
its  tofs  is  lefs  than  it  would  he  if  the  nitrous  acid  had  only  its 
own  proper  dcnlity,  and  confequently  the  fpecific  gravity  above 
found  is  greater  than  its  real  fpecific  gravity. 

To  determine,  therefore,  the  reaiipecific  gravity  of  this  acid 
in  Its  natural  flate,  the  quantity  of  accrued  cIcnHty  muft  be 
foQnd,  and  fubtradled  from  the  ipecific  gravity  of  the  ipirit  of 
nitre,  whofe  true  mathematical  fpecific  gravity  will  then  ap- 
pear. I  endeavoured  to  eflefl  this  by  mixing  different  portions 
of  fpirit  of  nifrc  ..iid  \.  .iter,  rciiiarknig  ll^^  uiiiunution  of  their 
joint  volume  below  the  fum  of  the  fpaces  occupied  by  their  fe- 
parate  volumes ;  but  could  never  attain  a  fuificient  degree  of 

preciiion. 
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prediioD.  The  following  method,  though  not  exactly  accurate, 
I  fouud  more  fatisfa^^ory.  12  gr.  of  the  Ipirit  of  nitre,  whofe 
fpecihc  gravity  by  obfervution  was  1,380,  contained  as  I  fup- 
pofed  from  the  former  experiment  3,55  gr.  of  acid,  and  8,45 
of  w^^iter ;  then  if  the  fpecitk:  gravity  of  the  pure  nitrous  acid 
were  1 1^8729  tlie  fpeQific  gravity  of  this  compound  of  acid  and 
vaterihouldbe  1,371;  for  the  Ibrsdf3,55gr.  acid  (hould  beo,299, 
and  the  Ws  of  the  water  8,45  ;  the  fum  of  the  loflcs  8,749! 

1,371 ;  bur,  as  I  already  iaid,  tlie  fpecific  gravity  by 

ebfen^don  was  I9389,  therefore  the  accrued  denfity  in  this 
cafe  was  at  leaft  ,018,  the  dift^rence  betwixt  1,389  and  1,^71. 

at  kajly  for  as  tlie  fpccihc  gravity  11,872  was  certainly 
too  high,  the  lofs  of  3,^5  gr,  acid  was  certainly  too  fmall; 
and  if  it  were  greater,  the  mathematical  fpecific  gravity  i»37i 
would  have  been  fHil  lower.  However,  ,0 1 8  is  certainly  a  near 
approximation  to  the  degree  of  denfity  that  accrues  to  3,5^ 
gr.  acid  by  their  union  to  7,45  gr.  of  water,  and  differs  incunli- 
derably  from  tiie  truth,  as  will  appear  by  the  fcquel :  therefore 
fubtracting  this  quantity  from  1,4x9  we  have  nearly  the  mathe- 
matical fpecific  gravity  of  that  proportion  of  acid  and  water, 
namely,  i,4oi«  And  fiuce  1 1  gr.  of  this  ipirit  of  nitre  contain 
3,55  gr.  add  «id  7,45  of  water,  its  lols  of  weight  fhould  be 

~  7tS iS»       1  ubtrading  the  lofs  of  the  aqueous  part  from 

this,  the  remainder  0,405  is  the  lofs  of  the  3,55  gr.  acid,  and 
confequcntly  the  true  fpecific  gravity  of  the  pure  and  mere  ni- 
trous acid  is  =  8,7654 :  this  being  fettled,  the  mathema- 
tical Ijjcciiic  gravity  and  true  iiicreafe  of  denfity  of  the  above 
mixtures  will  be  found.  Thus  the  mathematical  Ipccific  gra- 
vity of  1 2  gr.  of  that  Ipirit  of  nitre,  whole  Ipccific  gravity  by 

D  2  obfervatioiv 
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obiervation  was  1,389,  muft  be  1,355,  fuppoiing  it  to  contain 
3,55  gr.  acid  and  8,45  of  water;  fbrdielofs  of  3,55  gr.  acid  is 

^^^^^r:  0,405,  and  the  iofs  of  water  8,45 ;  the  fum  of  theiib 

lofies  is  8,855.   Then,  1,355,  and  conlequentiy  the ac* 

cnied  dcnfity  is  i  ,389  -  i  ,355  =  ,034.    In  the  fame  manner  it 

will  be  fuUiid,  that  the  mathematical  fpecific  gravity  of  13,08 
gr.  of  that  fpirit  of  nitre,  whole  rpecific  gravity  by  obiervation 
was  1,362,  muitbe  1,315,  and  coniequentij  its  accrued  den- 
fitj  ,047. 

But  the  whole  ftill  refts  ^npon  the  fuppofitioa  that  each  of 
thefe  portions  of  ipirit  of  nitre  contain  3,55  gr.  of  acid.  To 

verify  this  fuppofition,  I  could  think  of  no  better  method  than 
that  of  examining  the  mathematical  fpecific  gravities  of  the 
£rfl  mixture  I  had  made  of  fpirit  of  nitre  and  water  in  large 
quantities ;  for  if  the  mathematical  fpecific  gravities  of  thefe 
agreed  exa^tlj  with  thofe  of  the  quantities  1  had  fuppoied  in 
fmaller  portions  of  each,  I  could  not  but  conclude,  that  the 
fuppofitions  of  fuch  proportions  of  acid  and  water,  as  I  had 
determined  in  each,  wasjuil;  and  that  this  was  the  cafe  will 
appear  by  the  following  calculations. 

ift.  When  to  1963,25  gr.  of  fpirit  of  nitre,  whofe  ipecific 
gravity  was  1,419,  179^5  gr*  of  water  were  added,  the  quan- 
tity of  acid  upon  the  above  fuppofition  ihouid  be  6^^$^  gr.  r 
for  ::  II  .  3,55  ::  1963,25  .  634,53  .  thequantityof  waterin 
thoie  1963,25  gr.  of  fpirit  of  nitie  (hould  then  be  1328,72,  and 
after  adding  179,5  gr.  of  water,  the  whole  quantity  of  acid. 

and  water  ihouid  be  2143,75,  the  bfs  of  acid  was  =r 

7  X  ,24,  and  the  fum  of  the  loiGTes  1 5  80,46 ;  then  the  mathematical 

ipecific 
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and  attraS^ive  Powers  of  Dorious  Jalm  Si^fiauces,  ti- 

fpeci£c  gravity  fliould  be  j^^^  =  ^>355>  which  is  exadtly  the. 

famras  that  which  was  found  in  12  gr.  of  thisfpirit  of  nitre, 
on  the  {Vippofition  that  they  contained  3^  55  gr.  acid. 

Again:  when  to  1984,5  gr.  of  this  mixture  I  added  178,75 
gr.  of  water,  the  whole  quantity  of  diluted  Ipirit  of  jiltre  was 
2163,25  gr.  and  the  quantity  of  acid  in  1984,5  gr.  was  587,081 
gr.  for  12  .  3,55  ::  1984,5  .  587,081  ;  thelofsof  this  quan- 
tity of  acid  is  66,96  gr.  and  the  fum  of  the  loHes  of  add 
and  water  is  1643,129  gr.;  and confequently  the  mathema- 

tical  fpecific  gravity  fliould  be -j^'— =  i»3i5>  vv^hich  is  the 

&ne  as  that  determined  in  13,08  gr.  of  the  fame  mixture. 

By  continuing  thefe  mixtures  until  I  found  the  mathematical 
fpectEc  gravity  and  that  by  obfervation  nearly  to  coincide,  I  was 

enabied  to  draw  up  the  following  table,  iii  which  if  any  errors 
be  found,  I  hope  they  will  be  excufed,  from  the  impoflibUity 
of  avoiding  them  where  the  weights  muft  be  found  with  fuch  . 
extreme  preci^n ;  the  two  £ril  ieries  were  only  found  by . 
analogy. 
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VVatti. 

1  X  * 

Attract. 

Attract. 
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cical  rpecinc 

gravuy  by 

of  the  acid 

of  water  to 

nitic. 

gravity. 

obienratuMi 

to  weter. 

tbeacni. 
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Urs. 
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—  — 
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«,45 
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,027 
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i'3i4 
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,009 
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—  — 
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,054 

1,238 

1,292 

>0S4 

,009 

—  — 

J3>«3 

,051 

1,220 

1,271 

1 8,445 
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»4t9 

»047 

i»»o5 

1,252 

—  — 

15,98 

,044 

1,191 

1,235 

—  — 
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,042 

1,180 

1,222 

21,68 

—  — 

18,13 

,040 

i»i77 

1,217 

1,198 

22,755 

—  — 

19,205 

,038 

j>i6o 

—  — 

20,28 

>• 

,036 

1,152 

24»905 

—  — 

21,45 

'O33 

1,144 

1,17? 

26,17 

—  — 

22,62 

,030 

1,132 

1,162 

27»34 

3'5S 

23.79 

,027 

,026 

1,157 

28,51 

—  — 

24,96 

1,124 

1,150 

29,68 

—  — 

36,13 

,024 

1,114 

1,138 

30,85 

— ■  — 

27,30 

,022 

1,1 '3 

M35 

32,02 

—  — 

2S,47 

,020 

1,109 

1,1*9 

:,  ^c.) 

—  — 

29,54 

,018 

1, 102 

1,120 

-  — 

30,71 

,016 

1,101 

1,117 

35^43 

—  — 

31,88 

,014 

1,097 

i.lll 

30,00 

33»05 

,012 

1,094 

l|IOO 

^7.77 

34,22 

,010 

1,090 

I,  ICO 

35«39 

,008 

1,088 

1,096 

40,11 

.t),5f> 

,006 

i,o«5 

1,091 

37,73 

,004 

1,082 

i,oH6 

4a,45  1 

.  »0O2 

X,o8or 

1.082 

The  intermediate  fpeclfic  gravities  may  be  f  niiul  by  taking 


c  gravities  by  obferva- 
d  noting  how  much  it 


ail  arithmetical  mean  between  the  ipeciii 
tion  betwixt  which  that  fuuo'it  lies,  an 
exceeds  or  falls  ihoit  of  iuch  arithmetical  mean ;  and  then  tak- 
:ing  alfo  an  arithmetical  mean  betwixt  the  mathematical  fpecific 
:6  gravities 
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and  attraSllve  Powers  of  various  Jaline  Subjlances, 

gravities  betwixt  which  that  fought  for  muft  lie^  and  a  pre-;  u  • 
donate  cxcefs  or  defe£t. 

1  lijvc  added  a  column  of  attradion  of  the  nkijou^  a^id  to 
writer  as  far  as  it  ki\  ps  pace  witli  the  incrcalc  of  dmfirv,  bi.t 
no  farther,  as  I  am  unacquainted  with  the  law  of  Its  further 
mcreaic. 

The  fpecific  gravity  of  the  ftrongeil  fpirit  of  nitre  yet  made 
is,  according  to  Mr.  batjme,  1,500;  and  according  to  Mr. 

BEHGMAN,  1,586. 

I  next  proceeded  to  cx-uiiiic  the  proportinu  of  acid,  water,", 
and  fixed  alkali  in  nitre,  in  the  fame  manner  as  I  had  before 
done  that  in  digcftivc  fait,  and  found  that  100  gr.  of  perfedly 
diy  nitre  contain  28,48  gr.  acid,  5,2  of  water,  and  66,32  of. 
£xed  alkali. 

I  (hall  now  compare  the  refult  of  thcfe  experiments  with 

thofe  of  Mr.  homberg. 

The  fpecific  grav  ity  of  the  fpirit  of  nitre  which  Mr.  ifOM- 
BERG  made  ufc  of  was  1,349  ;  and  of  this,  he  fays,  i  oz.  2  dr.  . 
r rid 36  gr.  that  is,  621  Troy,  are  requifite  to  f^ituratc  i  French 
(oz.  472,5  Troy)  of  dry  fait  of  tartar ;  according  to  my  com- 
putation 613  gr.  are  fufficient ;  for  this  fpecific  gravity  lies  be- 
tween the  tabular  fpecific  gravities  by  obfervation  1,562  and 
1,337,  and  nearly  an  arithmetical  mean  hetWLcu  tlicni.  The 
corrcfjKjnding  mathematical  fpecific  gravity  lies  betwixt  the  ta- 
bular quantities  1,315  and  1,286,  and  is  nearly  1,300.  Now, 
the  proportion  of  acid  and  water  in  this  is,  2,629  of  -acid,  and 

8,765 

7,465 of  water;  for  -  y,^oo  8,765  x  .300 

7,465  water  and  =  2,629  ^^^^ » 
and  the  fum  of  both  is  10,044.  Now,  fincc  10,5  gr,  mild  ve- 
getable fixed  alkali  require  3,55  gr.  of  acid  for  their,  ^turation, 

472,5. 


24   Mr,  KiiiWAN*^  Experiments^  &c.  on  fhe fpecljk  Gravittes 
4'/2y^  will  require  159,7;  tfiercfoie,  if  10,044  gr.  of  nitre 
contaiti  2,629  gr.  acid,  the  quantity  of  this  fpiiit  of  nitre  re* 
quiiite  to  give  i.59»7  will  be  613,2  nearly,  and  hence  the  di^r*" 
ence  betwixt  us  i$  only  about  8  ^r. 

2dly.  Mr.  hombero  .fays,  he  found  his  fait,  when  evapo* 
rated  to  drynefs,  to  weigh  186  gr.  more  than  before  ;  u  iicrcas, 
by  my  experiment,  it  flioukl  weigh  but  92,8  gr.  more  than  at  . 
firft.  I  Jhall  mention  the  can  ft-  of  this  difference  in  treating  of 
tartar  vitriolate,  for  it  cannot  be  intirely  attributed  to  the  dif- 
ference of  evaporation. 

3dly.  Mr.  hombbhq  infers,  that  i  oz.  (that  is>  472,5  Troy 
gr.)  of  this  fpiirit  of  nitre  contains  141  gr.  Troy  of  real 
acid:  by  my  computation  it  contains  but  123,08  gr,  of  real 
acid.  This  difference  evidently  proceeds  from  his  negleifling 
the  quantity  of  water  that  certainly  enters  into  the  compolition 
of  nitre;  for  he  proceeds  .on  this  analogy^  621  •  186,6 
472,5  ..141. 

The  proportion  of  fixed  alkali  I  have  ailigned  to  nitre  is  fully 
confirmed  by  a  veiy  curioxis  experiment  of  Mr.  FOKT ana's, 

inferted  in  rozier's  Journal  for  November  1778.  This  inge- 
nious phiiufopher  dc-compofed  2  oz.  of  nitre  by  diftilling  it  in  a 
flrong  heat  for  eighteen  hours.  After  the  diiiillation  tiiere  re* 
mained  in  the  retort  a  fubftance  purely  alkaline,  anoounting  to 
10  French  dr.  and  12  gr.  Now  %  French  oz.  =  944  gr.  Troy^ 
and  the  alkaline  matter  amounts  to  607  gr.  Troy ;  and,  accord- 
ing to  my  computation,  944  gr.  of  nitre  fliould  contain  625 
of  alkali.  So  fmall  a  dificrence  may  fairly  be  attributed  to  the 
lofs  iu  transferring  from  one  veilel  to  another,  weighing,  filter- 
ing, evaporating,  &c. 

Mr.  LAvoisiEK,  in  the  Paris  Memoirs  for  the  year  1776,  has 
l^ven  us,  after  Dr.  prxbstley,  the  analyfisof  the  nitrous  acid« 
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and  attra^ive  Powers  of  various  f aline  Sub/lances.  z$ 
Bi  4  oz.  FjDench  meafure  (  s  945  gr.  Troy)  of  fpirit  of  uitre* 
wfaofe  Q>ecific  gravity  was  i>3x6o,  he  difiblved  2  oz.  and  1  dr. 
of  mercury ;  the  quantity  of  atr  obtained  during  the  (bltttioA 

was  190  cubic  inches  French  (  =  202,55  Englifli).  This  a;i  was 
all  nitrous.    There  remained  a  white  mercurial  fair,  which, 
being  dilliiled,  afforded  12  cubic  inches  (=  12,785  Engiilh)  of 
air  mixed  with  red  va|>our89  and  which  differed  little  from  com- 
ffloo  air.    There  afterwards  aioie  -224  cubic  inches  (==258,56 
Englifh)  of  dephlogiiHcatedair,  during  the  produdtton  of  which, 
the  mercury  was  alnooft  revivified,  there  remaining  but  a  few 
gr  ins  of  a  yellow  fublimate.    The  1 2  inches  of  air  mixed  with 
red  vapours  arofc,  he  fays,  from  a  mixture  of  36  cubic  inches 
of  jutrous  air  (  =  38,34  EngUfli)  and  14  of  dephlogiflicated  air 
(14,91  Engliih) ;  and  as  the  mercury  was  almoil  wholly  re« 
fived,  he  concludes,  theie  airs  arofe  from  the  nitrous  acid,  and 
formed  it ;  and  hence  infers,  that  16  oz.  of  this  fpirit  of  nitre 
(=  7 560  gr. Troy)  contained  1 3  oz.  7  dr.  364.  gr.  (that  is,  G^^^g 
gr.  Troy)  of  water,  and  confequently  only  971  gr.  Troy  of 
real  acid,  and  therefore  2  oz.  of  this  fpirit  of  nitre  contained' 
but  120  gr.  Troy  of  real  acid  :  but,  by  my  calculation,  2  oz* 
of  this^  ipirit  of  nitre  contained  213  gr.  acid;  for  its  ma- 
thematical Ipecific  gravity  is  1,265*    The  fame  weight  of 
add  wiU  alio  be  found  tn  it  by  computing  the  weight  of  the 
'volumes  of  the  diifcrent  airs  he  himfelf  found  it  confift  of,  or 
at  Icafc  to  afford  by  its  decompofition  ;  for  202,55  cubic  inches 
of  nitrous  air  weigh,  by  Mr.  fontana*s  experiment,  80,8174 
gr.  Troy,  and  23^,56  inches  of  dephlogiflicated  air  ^veigh 
100,1952  gr.  Troy,  and  adding  to  thele  the  weight  of  38,34 
inches  of  nitrous  air,  and  of  14191  af  dephlogifticated  air, 
which  made  the  1 2  cubic  inches  of  air  mixed  with  red  vapours, 
wefliaJl  find  the  whole  weight  of  tkefc  airs  to  be  202,181  gr. ; 
Vol.  LXXL  E  tlw 


the  few  grains  wanting  of  ^^13  gr.  may  be  accounted  for  from 

the  abiorption  of  the  water  in  which  he  received  the  airs,  axid 
by  allowing  for  that  fliii  remaining  in  the  yellow  fublimate. 

OF  OIL  OP  , VITRIOL. 

The  oil  of  vitriol  I  made  ufe  of  was  not  |>erf€^y  dephlo- 
giflicated ;  but  though  pale  yet  a  little  inclined  to  red.    It  con- 

taincd  fomc  whitifh  matter,  as  I  perceived  by  its  growing  milky 
on  tlie  affufion  of  pure  diftilled  water.  How  far  this  may  alter 
the  refult  of  the  foUowii^  experiments  I  have  not  tried ;  but 
believe  It  to  be  aa  pure  aa  that  which  ta  commonly  uied  in  all 
ezperunents,  and  therefore  the  fitteft  ibr  my  jmrpole. 

To  2519,75  gr.  of  this  oil  of  vitrio!,  whofe  fpecific  gravity 
was  1,819,  I  gradually  added  180  gr.  of  dillilled  water,  and 
flx  liours  after  found  its  fpecihc  gravity  to  be  1,771. 

1  o  this  mixture  lagaiuadded  17^,75  gr*  of  water,  and  found 
its  fpecific  ^gravity,  when  cooled  Ito  the  temperature  of  the  at*- 
^lofphere,  to  be  1,719 ;  It  waa  then  milky. 

I  then  faturated  the  iaine  quantity  of  the  oU  of'  tartar  above 
mentioned  with  each  of  the(b  forts  <»f  oU  tof  vitriol  in  the 
mimiei  ahcady  nicutioned,  and  tound  the  fiuuratiori  to  be  ef- 
fecicd  (taking  the  medium  of  five  experiments)  by  6,5  gr.  of 
that  whofe  fpecihc  gravity  was  lySip;  by  6^96  gr.  of  that 
whofe  fpecific  gravity  was  l»77i  S  and  by  7,41  of  that  whofe 
fpecific  gravity  vraa  1,719. 

I  was^obliged  to  add  a  certain  proportion  of  water  to  each  of 
thefo  forts  of  oil  of  vitriol ;  for  when  they  were  not  diluted,  I 
perceived  that  part  of  the  acid  was  phlogiflicatcd,  and  went  off 
with  the  fixed  air ;  but  knowing  the  quantity  of  water  that  was 
added,  it  was  eaiy.  to  find,  by  the  rule  of  proportion,  the  quan* 
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and  afiraSi'lve  Powers  of  various  faime  Subjlantts.  27 
tity  of  each  fore  of  oH  of  vitriol  that  was  taken  up  by  the 
alkali* 

Hence  I  fuppoied»  tkateachof  thefe  quantities  of  oil  of  vi- 
triol of  different  denfitics  contained  3,55  gr.  of  acid,  as  tiiev 
Ltufuted  the  fame  quantity  of  vegetable  iixcu  alkali  ao  1 1  gr.  of 
fpirit  of  nitre,  which  contained  that  quantity  ot  aciJ. 

I  thea  endeavoured  to  find  the  ipecific  gravity  of  tlic  pure 
vitriolic  acid  la  the  fame  manner  as  I  before  had  that  of  the 
oitvDas,  as  it  caimot  be  had  in  the'  ihape  of  air  unlefs  united- to 
iiidi a quatitity  of  phlogi^on -as  quite all^rsiits  properties.'  The 
lofeof  6,5  gr,  of  oil  of  vitriol,  whofeipeciHc  gravity  is  1,819 

is  ^^=3,572;  but  as  thefe  61,5  gr.  contained,  befides  3,55 

gr.  acid>  2,95  of  water,  the  lofs  of  this  mufl:  be  (libtra^ted 

from  the  intire  lofs,  and  thcti  the  remilinuci  o,Giz  is  the  lofs  of 
the  pure  acid  part  in  that  ftatc  of  denfitv  to  which  it  is  reduced 
by  its  union  witli  water.    The  fpccitic  gravity  therefore  of  the 

pure  vitiiolic  acid  in  this  ftate  of  •  denfity  is  -—-^  =:  5 . 707.  But 

to  find  its  natural  Ipecific  gravity  we  muft  find  how  much  its 
<fenfity  is  increafed  by  its  union  with'  this  quantity  of  water : 
and,  in  order  to  obferve  this,  I  proceeded  as  before  with  the 
nitRnis  acid*  6,96  gr.  of  oil  of  vitrbl,  whofe  fpecific  gravity 
was  1,771,  contain^  3,55  gr.  acid,  and  3,41  of  water;  then 
its  fpecific  gravity  by  calculation  ihould  be  1,726,  for  thelois 

of  3,55  gr.  acid  is  0622 ;  the  lofs  of  3,41  gr.  water  is 

3i4i;  the  fum  of  the  lofles  4,032.   Then,  ri^^=i7j26i  ; 

therefbct  the  iMmcf^  dcnfity  is  1,771  -  1,726  =  ,045.  Taking 
this  therefore  from  i  ,8 1 9,  its  mathematical  fpecific  gravity  will  * 
^>774i  tiicii  the  lofs  of  6,5  gr.  of  oil  of  vitriol,  whofe' 

£  2  '  fpeciHc 


a8   Mr*  KiitwAM*s  Experiments^  te.  on  the  ^ific  Gravit/es 
fpecific  gravity  by  obfervatkm  is  1,819,  will  be  found  to  be 
=  3,664 ;  but  of  this  2,95  gr.  are  the  I0&  of  the  water  if 

contains,  and  the  remainder  0,714  *  are  the  lofs  of  the  mere 

acid  part.  Then,  |^  =  4»9^49  is  nearly  the  tnic  fpecific  gra- 
vity of  the  pure  vitriolic  acid. 

I  then  fjiiiul  the  true  increafe  of  denfity  arifing  from  the 
tinion  of  the  vitriolic  acid  and  water  in  the  foregoing  mi&tuieSy 
and  obierved,  that  in  oil  of  vitriol,  whofe  fpecific  gravity  was' 
i»77i9      was  o»S4,  and  in  that  whoie  ipectfic  gravity  was- 
1,719,  it  was  0,100* 

To  obtain  a  fynthetical  proof  of  thefe  deduGions,  I  compared 
them  with  the  fpecihc  gravities  of  the  firft  mixtures  I  had  made; 
tor  it  thefe  dedudions  were  true,  the  mathematical  fpecific  gra- 
vities, and  the  accrued  dcnCiiMS^  added  to  each  other,  (hould 
amount  to  the  fame  quantity  as  the  ipectfic  gravities  by  obierva* 
rion ;  and  this  I  found  to  happen  very  nearly ;  for  in  the  firiS 
experiment,  where  2519,75  gr.  of  <»Iof  vitriol,  whole  fpedficr 
gravity  was  1,819,  were  mixed  with  iSogr.  of  water,  tliat  oil 
of  vitriol  contained  by  my  calculation  1376,171  gr.  of  acid  and 
ii4j,597  &'     water,  belides  the  180  gr.  of  water  that  were 

added'  to  it,  the  lofs  of  the  acid  was  •■•^^V^-  =  «77,>2.  The 

whole  quantity  of  oil  of  vitriol  was  2699,75  gr. ;  then  the 
fum  of  the  loiles  was  1600,81 ;  and  therefore  the  mathemati* 

cal  fpecific  gravity  1,686  ;  to  which,  adding  ,084  the 

degree  of  accrued  denfity,  the  fpecific  gravity  by  obiervation. 

•  By  miftake,  the  foUowhif;  ca!euhuions  were  made  on  the  fuppofition  that  :hc 
fcfft  was  0,715;  the  Uiflercace  being  immato-ul,  the  cakolatioos  weie  ooi 
repeated* 

I  (hould 
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mti  aitra^he  Pcwirs  vf  n>arkm  faHtie  Sttbflanees, 

ihould  be  1 97709  which  waiits  kis  thaa  i 000th  part  in  270O' 
of  being  juft. 

Again:  in  the  Kuxture*  whoie  fpectfie  gravky  was 
thefum  of  the  lofTes  wa$  1779,549,  and  the  weight  of  the 
whole  2878,4,  the.  mathematical  fpeci£c  gravity  ihould  be- 

^779*549^  >,6i7,  to  which  addiag  o»i©o,  the  fjpecific  gravity 
by  obfervation  fhouldbe  1,717,  which  is  nearly-  the  truth. 

By  contiiiumg  thefe  mixtures  until  the  fpccific  gravities  by 
calcuhitioii  and  obfervntion  nearly  coincided,  I  formed  the  fol- 
lowing table.    The  extra-tabulaj;  proportions  are  to.  be  fought 
in  the  manner  already  ihewn   the  two^ril  ieries  were  fbrmed* 
ly  ;.iuki^. 
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-  The  fpeciBc  gravity  of  the  moft  concentrated  oil  of  vitriol 
yet  made  is,  according  to  Mr.  bavmb  and  bergman«  2,125. 
lafcertained  tlie  proportion  of  acid  water  and  fixed  alkali  in 

tartar  vUiioiate,  -as  before,  m  nitre  i^vA  dii^LUive  ialt.  I  found 
the  fairs,  refulting  from  the  faturation  of  tlie  fame  oil  of  tar- 
tar, with  portions  of  oil  of  vitriol  of  diiferent  fpecitic  gravi- 
ties, to  wei^,  at  a  medium,  12,45  ^^^^  weight  only 
11,95  gr.  were  alkali  and  acid,  the  remainder  therefore  was 
irater,  v».  0,6  of  a  grain ;  conieqnently  too  gh  of  perfe£ily 
diy  tartar  vitriolate  contain  28,51  gr.  acid,  4,82  of  water,  and 
66,67  ^^td  vegetable  alkali.  Note,  in  drying  this  fait  I 
ufetl  a  lieat  of  240^  to  expel  the  adhering  acid  more  thoroughly.. 
1  kept  it  in  that  heat  a  quarter  of  an  hour. 

According  to  Mr.  hombbrg,  i  French  07;  (or  472,5  gr« 
Tmy)  of  dry  fait  of  tartar  required  297,5  '^roy  of  oil  of 
vitriol,  whofe  fpedfic  gravity  was  1,674,  to  faturate  it ;  but, 
by  my  calculation,  this  quantity  of  fixed  alkali  would  require  • 
3-^5  S''-  '  (ii /fere nee  which,  coiifulering  our  different  methods 
of  determining  the  fpccific  gravity  of  liquids  (his  method, 
v/z.  that  by  menfuration,  giving  it  always  lefs  than  mine)  the 
difeent  deficcation  of  onr  alkalies,  &c.  may  pafs  for  incon^ 
iideraUe. 

The  refnlting  fait  weighed,  according  t6  Mr.  hombbrg,, 

182  gr.  Troy  above  the  original  weight  of  trie  iixlJ  cdkali ; 

but  by  mv  experiment  it  fhould  weigh  but  87,7  gr.  more  ;  for 

H  10,5  •  12,45  47-»5  •  56o>2«  It  is  hard  to  fay  how  Mr. 
B0MBER6  could  find  this  great  excefs  of  weight  botli  in  nitre 
and  tartar  vitriolate,  nnle&  he  meant  by  the  mgiml  weight  of 
the  ialt  of  tartar  the  weight  of  the  mere  alkaline  part,  diftini£t 
fixjm  the  fixed  air  it  contained:  and  indeed  one  would  be 
tempted  to  think,  he  did  make  this  di{lin«Slion ;  for  in  that 

:        6  «afc 
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32  Mr,  kirwan's  ExpcnmcnU^  &c.  Qn  the JpecificGfaiHtiei 
cafe  the  excefs  of  weight  will  be  veiy  nearly  (uch  as  he  deteiv 
mined  it:  for  t7  10,5  .  8,3 ::  472,5  •  373>3.  Now,  the  whole 
weight  of  his  nitre  was  560,2,  as  I  have  above  (hewn :  then 
560,2  -  37j,3  =  I  which  is  only  4  gr.  more  than  he  de- 
termined it.  * 

Hence  he  inferred,  that  i  oz.  (472,5  gr,  Troy)  of.  this  oil 
of  vitriol  contains  39x»7  gr.  of  acid.  By  my  computation  it 
contains  but  21 3f 3 ;  but  it  muft  be  confidered,  be  made  no 
allowance  for  the  water  contained  in  tartar  vitriolate,  and  ima« 
gincd  the  whole  of  the  increafe  of  weight  proceeded  from  the 
acid  that  is  united  in  it  to  the  fixed  alkali.  Now  the  at^ueous 
part  in  560  gr.  of  tartar  vitriolate  amounts  to  37  gr.  the  re- 
maining difference  may  be  attributed  to  the  diderent  degrees  Qf 
deficcation,  &c, 

OF  THE  ACETOUS  ACID, 

I  liave  made  no  experiment  on  this  acid  ;  but,  by  calculating  ^ 
from  the  expeiiment  of  Mr.  hombero,  I  find  the  fpecific  gra- 
vity of  the  pure  acetous  acid,  free  from  fuperfluous  water, 
Ihouldbe  2,130.   It  is  probable,  its  affinity  to  water  is  not 

(Irong  enough  to  cauie  any  irregular  increafe  in  its  denfity,  at 
Icaft  th.it  can  beexpreEcd  [)y  three  decimals  ;  and  iiciicc  its  pro- 
portion of  acid  and  water  niaj  always  be  calculated  from  its 
ipccific  gravity  and  abfolute  weight. 

100  parts  of  foliated  tartar,  or  (as  it  ihould  rather  be  called) 
acetous  tartar,  contain  well  dried  32  of  6xed  alkali,  19  of  acid, 
^d  49  parts  of  water. 

The  fpecific  gravity  of  the  (bongcA  concentrated  vinegar  yet 
made  is  i  ,069. 

it 
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wid  aitra&tve  Powers  of  vatnai  faUnt  Subftanett^  33 
It  IS  harder  to  find  the  point  of  faturation  with  the  vegetable 

than  with  the  mineral  acids ;  becaufe  they  contain  a  mucilage 
tliat  prevents  their  imaiediate  union  with  alkalies,  and  hence 
they  are  commonly  ufed  in  too  great  quantity.  They  Ihould 
be  u(ed  moderately  hot,,  and  foifideut  time  allowed  thum  Co 
unite. 

From  theie  experimenta  it  follows : 

I  ft.  That  fixed  vegetable  alkaties  take  vp  an  equal  quantity  of 
the  three  mineral  acids,  audprohably  of  all  pure  acids  ;  tor  wtj 
have  ken,  that  8,3  grains  of  pure  vegetable  alkali  (that  is,  frea 
from  fixed  air)  take  up  5,55  gr.  of  each  of  thefe  acids,  and  con* 
fequencly  too  parts  of  cauftic  fixed  alkali  would  require  42,4 
pacts  of  acid  to  laturate  them.  Now,  Mr.  bsaomak  has 
found,  that  too  parts  of  cauftic  fixed  vegetable  alkali  take  up 
47  parts  of  the  aerial  acid,  which,  conildering  his  alkali  might 
contain  iowit  water,  diflfers  but  little  from  my  calculation.  It 
Ihould  therefore  fcem,  that  alkalies  have  a  certain  determinate 
capacity  of  uniting  to  acids,  that  is,  to  a  given  weight  of  acid^; 
and  that  this  capadtj  is  equally  fatiated  by  that  given  weight 
of  any  pure  add  indiicriinmateiy.  This  weight  is  about  2,35 
of  the  weight  of  the  vegetable  alkali. 

2(ily.  That  tlie  three  mineral  acids,  and  probably  all  pure 
acidb,  take  up  2,253  ^i"^^^  their  own  weight  of  pure  Y^gctabW 
alkali,  that  is,  are  fat u rated  by  that  quantity. 

gdly.  That  the  denfity  accruing  to  compound  fubftaiices 
fim  the  union  of  their  component  parts,  and  exceeding  itt 
mathematical  ratio,  increafes  ^om  a  mmtmum^  when  the  quan* 
Hty  of  one  of  them  is  very  fmall  in  proportion  to  that  of  tlie 
otiicr,  to  a  maximum^  when  their  quantities  differ  Lis;  but 
that  the  attradlion,  on  the  contrary,  of  that  part  wliich  is  in 
the  fmalleft  quantity  to  that  which  is  in  the  greater,  is  at  its 
Vol.  L.XXL  F  maximum 
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maximum  when  the  aocroed  denfity  is  at  its  mtmmmit,  but  not 

reciprocally;  and  hence  the  point  of  faturation  is  probably  the 
maximum  ot  dcnfity  and  the  minimum  of  Icnfible  attra<5lion  of 
one  of  the  parts.  Hence  no  dccompolition  operated  by  means 
of  a  fubflaiice  that  has  a  greater  affinity  with  one  part  of  a  com* 
pound  than  with  the  other,  and  than  thefe  parts  have  to.  each 
other,  can  be  complete^  unleis  the  minimum  affinity  of  this 
third  fubftance  be  greater  than  the  maximum  affinity  of  the 
parts  already  united.  Hence  few  decompoikions  are  complete 
without  a  double  affinity  intervenes ;  and  hence  the  Jaft  portion 
of  the  feparatcd  fubftance  adheres  fo  obftinately  to  thnt  to 
which  it  was  did  united,  as  ail  chetnii^s  have  obierved.  Thus, 
though  acids  have  a  greater  affinity  to  phlogifton  than  the  earths 
of  the  different  metals  have  to  it,  yet  they  can  never  totally 
dephlogifticate  thefe  earths  but  only  to  a  certain  degree ;  fo 
though  atniofpheric  air,  nnd  partieuiarly  dephlogifticated  air, 
attracts  phlogifton  more  llrongly  than  the  nitrous  acid  does  ;  yet- 
not  even  dephlogifticated  air  can  deprive  the  nitrous  acid  totally 
.  of  it;s  phlogifton,  as  is  evident  from  the  red  colour  of  thenitroua 
apid  when  nitrous  air  and'dephlogiiBcated  air  are  jn&ed  toge- 
ther. Hence  alfo  mercury  precipitated  from  its  (altttk>n  in  any 
aeid,  even  by  fixed  alkalies,  conftantly  retains  a  portion  of  the 
acid  to  ^'hich  it  was  originally  united,  as  Mr.  bayen  has 
ihewn ;  lb  alio  does  the  eartli  of  allum,  \^  hen  precipitated  in 
the  fame  manner  firom  its  folution ;  and  thus  fcveral  anomalous 
decompofitions  may  be  explained.  Indeed,  I  have  reaibn  to 
doubt,  whether  mercury  does  not  attra£l  acids  more  ibongly 
than  alkalies  attfaA  them. 

4thly.  Thcit  concentrated  acids  are,  in  li;nie  meafure,  plilo- 
giilicated,  and  evaporate  by  uuiou  with  fixed  alkalies. 

5thly* 
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'  and  attra^he  Powers  of  various  f aline  Suhjiances. 
5thly.  That,  knowing  the  quantity  of  fixed  alkali  in  oil  of 
tartar,  we  may  determine  the  quantity  of  real  pure  acid  in  any 
other  acid  fubftaace  chat  is  diificultly  decompofed,  as  the  feda- 
tif  acid,  and  thofe  of  vegetables  and  animals ;  for  10,5  gr.  of 
the  mild  alkali  will  always  be  fatiiratedby  3,55  gr.  of  real  acid  : 
and  reciprocally,  the  quantity  of  acid  in  any  acid  liquor  being 
known,  the  quantity  of  real  alkali  in  any  vegetable  alkaline 
fiquor  may  be  found. 

r 

OF  THE  SPECIFIC  GRAVITY  OP  FIXED  AIR 
IN  ITS  FIXED  STATE- 

Being  dcfirous  to  know  the  ipecitic  gravity  of  fome  fub- 
fiances  which  are  difficultly  procured,  or  at  leaft  preferved  for 
any  time,  free  from  fixed  air,  fuch  as  fixed  and  volatile  alkalies, 
I  was  induced  to  leek  the  fpecific  gravity  of  the  former  in  its 

fixed  ftate  as  of  an  element  neceflary  to  the  calculation  of  the 
latter;  kbclngv^ry  evident,  that  its  denfity,  in  its  fixed  flate, 
muft  ht  very  different  from  that  which'  it  poiTefies  in  its  fluid 
elafUc  ilate, 

I  therefore  took  a  i»ece  of  white  marble,  of  the  pureft  kind» 
which  weighed  440,25  gr.  and  weighitig  it  in  water,  found  it 
to  lole  1 62  gr. ;  its  fpecific  gravity  was  therefore  2,7 175.  * 

Of  this  marble,  reduced  to  a  fine  powder,  I  put  iSo  gr.  -  ,  , 
into  a  phial,  and  expelling  the  fixed  air  by  the  dilute  vitriolic 
acid  and  iieat,  I  found  its  quantity  amount  to  105,28  cubic 
inches ;  the  thermometer  being  at  65%  and  the  barometer  be- 
tween  29  and  30  inches,  this  bulk  of  air  would,  at  55**  of 
FAHitBNHBiT,  occupy  but  102,4  cubic  inchcs ;  at  which  tem* 
perature,  according  to  the  experiment  of  Mr.  fohtaKA,  a 

F  .2  cubia 
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cubic  inch  of  fixied  air  (the  barometer  being  at  ^^'i)  would 
weigh  0,57  ^  grain;  therefore  the  weight  of  the  whc^e 
quantity  of  fixed  air  amounted  to  589568  gr.  which  is  nearly 

one  third  of  the  weight  of  the  marble.  At  this  rate,  100  gr, 
of  the  tiKirblc  contained  32,42  of  fixed  air. 

To  determine  the  proportion  of  water  and  calcareous  earth,, 
and  alio  the  fpecific  gravity  pf  this  latter,  I  put  3009,15  gr.  of 
the  fame  marble  6aeiy  powdered  into  a  crucible,  loofely  covered  ; 
'the  crucible  audits  contents,  before  calcination,  weighed  S394 
gr.  and  after  remaining  fourteen  hours  in  a  white  heat  I  found 
it  to  weigh  7067,5  gr.    The  weight  of  the  crucible  nlone  wa$ 
C384,75  gr. ;  tlierefore  the  weight  of  the  lime  finely  was 
1 682,^5  gr.    The  marble  then  loil  by  calcination  1326,5  gn  ; 
180  gr.  of  the  marble  (hould  then  lofe  79,349  gr.  and  100  gr. 
Ihould  loie  44,08 ;  but  of  tfaeie  44,08,  32^42  were  fixed  air,  as 
is  already  feen,  therefore  the  remaiiuler,  that  is,  11,66  gr. 
were  water,  and  the  quantity  of  pure  calcareous  earth  in  lOQ 
gr.  of  the  marble  was  55,92  gr. 
^      1  next  proceeded  to  difcover  the  fpecific  gravity  of  the  lime. 
Into  a  brafs  box,  which  weighed  607,65  gr.  and  in  the  bot- 
tom of  which  a  ihiall  hole  was  drilled,  I  ilui&d  as  much  as 
poifible  of  the  finely  powdered  lime,  and  then  icrewed  the  cover 
on,  and  weighed  it  both  in  air  and  water.  When  immeried  in 
this  latter,  a  confiderable  quantity  of  common  air  was  expelled  ; 
when  this  ceafed,  I  weighed  it.   Therefulc  of  this  experiment 
was  as  follows : 


Weight 
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Weight  of  the  box  in  air  -  607,65 

Its  iofs  of  weight  in  wa^er  -  ;       *  73*7 5'^ 

Weight  of  the  hox  and  lime  in  air  '^43*5 

Lofs  of  weight  of  thebox  and  lig9e.iawate  256,5  •  \ 
Lofs  of  weight  of  the  lime  lingly      -  -  182,3 

Hence,  dividing  the  abloJutc  weight  of  the  lime  by  its  loOl 
m  water,  its, fpecihc  gravity  was  found  to  be  2,39108. 

From  thefe  ifat^,l  deduced  the  fpccific  gravity  of  &x^d  air  in 
its  fiyed  ilate;  fyr  100.  gc  of  Ji^trble  coniift  of  55^92  of  earth, 
32i42  of  fixed  air»  and  11966  of  water;  and  the  fpecificgrar 
vkyof  the  marble  b  2,717.  Now,  tbefpecific  gravity  of  the 
fixed  air,  in  its  fixed  flate,  13  as  ito  abfolutc  weight  divided  by 
its  lofs  of  weight  in  water;  and  its  loL  of  weight  in  water  is 
as  the  lois  of  100  gr.  of  marble  miouf  tha  loiiibs  of  the  puie 
calcanoiis  earth  and  of  the  water. 


Lofi  of  100  gir.  of  marble  =:  — -     36,8  gr. 

Lofs  of  55,91  gr,  cdcareous  earth  sr  =  23,59  gr. 
Lofiof  1 1,66  gr.  water  s 


....  i.  '       10  . 

Then  the  lois  of  the  fixed  air  36,0-35,05=1,751  conic- 
qoentlyyits  fpecific  gravity  is       =  1 8,52 ;  by  which  it  appears 

to  be  the  heavicfl  of  all  acids,,  or  even  of  all  bodies  yet  known, 
gold  and  platina  excepted.  , 


Mr,  iciRWAN*s  E^tperimentSf  5rc.  on  the J^ecljlc  Gravhiet 

^    QF  FIXED-  VEGETABLE  ALKALI. 

As  thc'tnanner  of  condtid:lng  the  experiments  I  made  on  this 
fait  was  nearly  the  fame  as  that  I  ufed  in  the  fort  going  (except 
that  to  find  its  fpecific  gravity 'I  weighed  it  in  zether  inftcad  of 
•water),  I  (hall  content  myfelf,  to  avoid  the  repetitioaof  tedious 
calculation*  with  rdating  the  relult  of  theie  experinoetits. 

*  - '  1  ft. '  I  ifbund  that  ibo  gr.  of  t&is  'alkali  oohtain  about  6,7  gr. 
of  earth,  whkb,'  accorifitigtoM^.  b^cmaW,'  is  (iticeotis  i  this 
earth  paffes  the  filter  with  it  when  the  alkali  is  not  ijturattd 
with  fixed  air,  fo  that  itfeemstobe  held  in  loiution  z^miiquor 

,fiicum,  '    *  *  '  ,  '     ■ '  '  .  ' 

•  2dly.  IfiDUdd,  that  the  quantity  of  fixed  air  in  oil  of  tartar 
and  diT^  vegetable  iixed  alkali  is  variouis  at' various  titnes  and 

•  in.  vaiious  parcels  of  the  lame  fait ;  but  ttat  at  amedltiih  ii\'th6 
purer  alkalies  it  may  be  rated  at  21  gr.  in  100 ;  ^d  hence 

.  the  quantity  of  this  alkali  in  any  folution  of  it  may  be  very 
» nearly  guelJed  at,  by  adding  a  known  weight  of  a  dilute  acid  to 
a  given  weight  of  fuch  folution,  and  then  weighing  it  again  ; 
for  as  2  J  is  to  loo,  ib  is  the  weight  loft  to  the  weight  of  mild 
alkali  in  fach  ibludon. 

The  fpecific  gravity  of  mild  and  perfe^iy  dry  four  times  cal- 
cined fixed  alkali,  free  from  filiceous  earth,  and  containing  21 
per  cent »  of  fixed  air,  I  found  to  be  5,0527. 

When  it  contains  more  fixed  air,  its  fpecific  gravity  is  proba- 
bly higher,  except  it  were  not  perfctflly  dry :  from  whence  I 
.inferred  the  fpecific  gravity  of  this  alkali,  when  cauftic  and 
;frce  from  water,  to  be  4»234* 
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From  the  weight  of  the  aerial  acid,  in  its  fixed  ftate,  it  hap- 
pens, that  hxcd  alkalies,  when  united  to  it,  are  fpecihcally 
hcdvier  than  when  united  cither  to  the  vitriolic  or  nitrous  acids. 
Thus  Mr,  a.  watson,  in  the  Phil.  Tranf.  for  the  year  1770, 
p.  337.  fomid  the  fpecifie  gravity  of  dry  fait  of  tartar  (iaclUding 
filiceouaomb)  to  be  2»76i :  whereas  the  ipecific  gravity  of  tar-^  • 
tar  vitriolate  was*  only  2,636,  and  that  .of  nitre  '1,933.  '^^^ 
leafon  why  nitre  is  (bmuch  lighter  jfclikn  tartar  vitrlokte,  is,  be- 
caufe  it  contains  much  more  water,  and  its  union  w  ith  the 
alkali  is  lefs  intimate. 

Laftly,  I  have  drawn  up  a  tabic  of  the  quantity  of  mild  al»  - 
kali,  containing  6,7  per  cenf,jai  earth  (which  is  its  ufual  degree  - 
of  puri^)  to  be  found  in  natutal  br  artificial  fbliRtionis'of*  this  . 
alkali,  the  diermometer.  at  6f ;  and  though  4t  is  not  quit^  ac«  - 
eunitc,  wanting  about  1,1  per  of  the  truth,  yet,  I  pre^*. 
fume,  it  jnay  be  found  ufcful,  as  this  error  is  eaiUy  corre^ed.  . 
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]ffl|)9iie  vegetable  fijEedalkalies  fuch  as  pearlafli,  pot  aflieSp  &:cl 
contain  more  fixed  air,  as  appears  by  the  experiments  of  Dr. 

LEWIS.  Pearl  a(h,  according  to  Mr.  cavendish,  contains  28,4 
or  28,7  per  cent,  of  fixed  air.  Hence  in  lyes  of  equal  fpeciiic 
gravity  with.thpfe  of  a  purer  alkali,  the  quantity  of  faline  mat* 
ter  wili  bo  more  probably  in  the  ratio  of  28tf  or  28,7  to  21 ; 
iHit  this  iiiipltts  mght  ^  only  fixed  air  ;  and  hence  even  in  thele, 
lyes  the  quantity  of  depurated  fait  they  will  afford  will  be  ibund 
by  the  above  table.  Much  alio  depend*  on  tlieir  agc^.  the oldeft, 
<iQQtaiiiiog  moft  &xed  air* 
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I AM  defiled  by  my  friend  and  nelgbbourjAMEs  adair,  Efq. 
of  Soho  Square,  to  communicate  to  you  an  account  of  the 
dreadful  accident  which  happened  to  him  and  his  family  at  Eaft- 
bourn,  in  the  county  of  Sufl'cx,  at  nine  o*^clock  in  the  mornings 
on  Sun(^ay  the  fevefit^enth  of  September  laft;    He  rented  a* 
I'loufe  which  flood  by  itftlf^  btirlt  of  various  forts -of  Oone,' 
three  ftories  high,  and  facing  the  fea,  which  was  nearly  Souih- 
eafl  of  it.    The  morning  was  very  flormy,  with  rain,  thunder, 
and  lightning  ;  and  jufl  at  nine  o'clock  a  horrid  black  cloud  ap- 
peared, out  of  which  Mr.  adair  faw  feveral  balls  of  firedyop* 
into  the  fca  fucceffively,  as  he  was  apprbaching  the  window  iiv 
a  one-pair  of  flairs  room  ;  and  very  foon  after,  as  he  was  fland- 
ing  at  it  with  his  hands  clafped,  and  extended  open  againfl  the 
middle  of  the  frame,  a  mofl:  violent  flafh  of  fire  fi^rced  his  hands 
afunder,  and  threw  him  feveral  yards  upon  the  floor  on  his 
back,  with  both  kis  legs  upright  in  the  air,  which  remained: 
long  fo  fixed.    He  was  very  fenfible  of  his  fituation  all  the  time, 
but  could  not  open  his  eyes  or  fpeak ;  nor  had  he  the  leafl 
power  of  motion  of  any  of  his-  limbs  for  a.  long  time.  On. 
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help  coming  ,in^  f  examining  hl^  deaths,  which  were  blue 
clorh,  his  right  fleeVe,' both  of  poatandwaiftcoat,  and  al(b  (hirt, 

were  all  torn  on  tlu:  inlide  of  the  arm  entirely  open,  as  if  by  a 
dog,  from  the  fhouldcr  to  the  wrift ;  the  right-fide  of  the 
breeches  was  torn  in  the  fame  maiiner,  and  part  of  each  of 
the  brafs  buttons  melted. 

He  had  m  His  fob  a  gold  watch  wifh'a  fieel  diain ;  the  bnt- 
ton  which  opens  it  and  .thrpe  otJier  places  of  the  ca(e  were 
incited.  .  The  pendant  to  which  the  ch^iii  is  fixfed-wai-almoft 
indtedthrough,  ..liJ  much  of  the' fte'd  chaili is  incorporated  u  ith 
It,  as  is  reciprocally  fome  gold  on  that  part  of  the  fteel  which 
was  within  the  fob.  The  going  of  tlie  watch  had  flopped  in - 
ftantan/Eoufly,  bccafioned,  as  at  firft  appeared  by  the  'fmaH 
pcodumm  fpira)  fi^el  fpfing*  hkving  been  lengthened  f  not  that 
it  was  AfoIute}y  fo,  •  hut  '/elatively,  rcfpecfVing  the  fcapenflieiiU  of 
the  watch,  the  (everal  innfef  lurtis' b^i'iig  brought  clbftr  together. 

His  right-arm,  ris^ht-lklc,  and  thigh,  were  miferably  icorclicd, 
2nd  the  ficQi  torn  •.  the  foot  of  the'ftocklng  of  hi^  right  leg  and  lit*., 
flioe  were  torn  in  fcvcral  places  'between  the  buckle  and  the  toe- 
end  of  the  ihoe,  anci^one'of  his  toes  fplit  ahnoib  to  the  bone ;  hut 
the  buckle,  which  was  abroad  filv^r  one,  was  not  theleaft  hurt 
or  even  marked,,  and  remdned  buckled  as  before.  His  fleevcN 
button  of  gold,  in  which  was  platWd  fiair  cove^fed  with- cryftal. 
Wis  broken  from  its  link,  and  neither  hair  or  c^3rflal  have  beca 
found  fince.  A  key  and  a  pen-knife  in  liis  right-fidt  breeches 
pocket  have  feveral marks  of  fufion  upon  theiix. «        ■  < 

The  firame  of  the  window  on  which  Mr.  ADAia  was  lean* 
Ing  was  iittlc  dainiaged ;  ^but  clveif3f  ^anc  of  glafs  io  cbraplctelf 
fmalhed,  you  could  fcarc<f  perceive  it  had  cVter  had'glafs  in  it.  The 
room  was  ftuccoed  and  papered,  and  between  the  window* hiinga 
lirgc  pier  glafs,  which,  with  much  of  the  ftucco,  wa*  ihivcred  to 
pieces,  aud  ilrewed  over  the  floor.    A  door  oppofite  the  window 
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lyas  Shattered  to  pieces,  and  the  pofU  of  a  bed  in  a  room  bdiiiia 
It,  and  all  the  bcll-wirea  were  deftro3red. 

Under  the  dining-room  Mr.  adair  was  in,  on  the  parlour 
floory  were  his  coachman,  hutler,  and  ^tman.  The  coach- 
man  wasgcnngtoopen  a  glafs*door  to  go  towards  the  fea»  and 
was  ftruck  •dead»  His  body  .was  totaUj  black..  His  cloaths^  - 
and  the  caul  of  his  wig,  and  cravat.  Were  much  torn ;  but  no 
particular  flefh  wound  was  found.  The  enamelled  face  of  his 
iilver  watch  was  broken  to  pieces,  and  the  links  of  his  fleel 
^faain  i&OBned  n^her. 

The  footman  was  didfing  his  hair  near  a  window,  when  he 
Was  thrown  dead  on  the  ground.   He  appeared  much  lcorched» 
brulfed,  and  black.    He  had  a  very  large  wound  in  his  fide 
which  penetrated  near  his  heart ;  but  very  little,  if  any,  blood 
caiiJC  fiom  it.  His  buck-fldn  breeches  were  much  torn,  and  the 
Aecl  of  a  metal  knee-buckle  driven  through  them.  The  window 
.^fli  was  driven  into  the  room,  and  a  ftone,  about  eight  inches 
il^uare,  forced  out  of  the  wall  into  the  middle  of  the  room, 
not  far  from  the  body.    The  butler  was  a  yard  or  two  behind 
,the  coachman,  and  going  out  with  a  telefcope  in  his  hand, 
^hich  was  forced  in  pieces  from  him,  his  hat  and  wig  were 
.thrown -to  feme  diilance,  and  he  perceived  a  violent  prefTure  on 
iiis  ikuU  add  on  his  back,  but  was  no  otherwife  hurt.   He  had  a 
^Iver  watch  vtrith  a  (ilver  chain,  which  received  no  damage. 

In  the  room  over  Mr.  adair's,  a  young  lady  was  drefling, 
•and  her  iTiaid  attending.  They  were  both  driven  to  a  diflant 
'part  of  the  room,  and  rendered  infenfible  for  fome  time,  but 
.not  hurt.  The  pofts  of  the  bed  ihe  had  juA  left  were  all  ihivered 
^tofueces,  and  the  bell  wires  deKbo/ed,  and  the  chimney  thrown 
'  down  on  the  roof.  ^ 
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It  18  to  be  remarked,  that  though  the  bodies  of  the  two  (er- 

vants  lay  unburied  from  the  Sunday  till  Tuefday,  all  their 
limbs  were  as  entirely  flexible  as  thofe  of  a  living  perfon. 

Multitudes  on  the  fhore  before  the  houfe  iaw  the  meteor  dart 
in  a  right  ihie  orer  thdr-heodsy  «iid  btealc  agabft  the  fitoat  of 
the  houie  In  different  diredlionSy  and  aM  agreed  tEcs  lonn  and. 
ilamc  was  exaftly  like  that  of  an  immenfe  Iky-rocket* 


■  - "  •  f    -     .:  ■ 
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•  « 

:  Foth^rgiii,:J!/.jp.f;.^?.6\^ . ,     •/  .  /  • 

•  ♦        .  • . 

Read  December  7,  1 780. 

THE  Hannattan  is  a  periodical  wind  which  blows  from 
the  interior  parts  of  Africa  towards  the  Atlantic  Ocean, 
and  poflelTcs  fuch  extraordinary  properties,  as  to  merit  the  nt- 
t'^ntion  of  the  nnturahft,  making  a  curious  and  important  article 
in  the  hiftory  and  theory  of  the  winds. 

The  fir  A  information  1  had  on  this  fubje€):  was  from  my 
ftkad  Mn  norbis,  who  has  frequently  vifited  the  Coaft  of 
Africa,  and  is  a  g^ihleman  of  an  exceUent  underftanding  and 
ftrift  veracity.  This  infbrmarion  immediately  excited  my  at- 
tention ;  and  aS  Mr.  N0RRK->  was  preparing  to  make  another 
voyage  to  that  part  of  the  workl,  I  dehred  liim  to  confirm  the 
fa^s  which  he  had  related,  by  further  inquiries,  experiments, 
and  obfervations ;  and  it  is  from  thefe  materials,  with  which  I 
have  been  obligingly  furai(hed  by  Mr.  nor r is,  that  the  follow- 
ing account  is  drawn  up. 

On  that  part  of  the  Coaft  of  Africa  which  lies  between  Cape 
Verd  and  Cape  Lopez,  an  cafterly  wind  prevails  during  the 
months  x>f  December,  January,  and  February,  which  by  the 
Fantecs,  a  nation  on  the  Gold  Coaft,  is  called  the  Harmattan. 
Cape  Verd  is  in  15''  N.  latitude,  and  Cape  Lopez  in  1^  S.  lati- 
tude, and  the  coaiV  between  thefe  two  Capes  runs,  in  an  oblique 
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dire^oQ,  nearly  ftom  W*S*W.  to£*S.E.  fbraiing  a  range  of  ^ 
upwards  of  two  thoufand  one  hundred  miles.    At  the  Ides  de 

Los,  w!ilch  are  a  little  to  the  northward  of  Sierra  Lconc,  and 
to  the  Southward  of  Cape  Vcrd,  it  blows  from  the  E.S.E.  on 
the  Gold  Coaft  from  the  N.E.  and  at  Cape  Lopez  and  the  River 
*Oal?on  from  the  N-N.E.  This  wind  is,  by  the  French  and  Portu- 
gaeze  who  fipequent  the  Gold  Cooft,  called  (imply  the  N^«. 
\7md,  the  (quartet  from  which  it  blows.  The  Englifh,  who 
fcmetimcs  borrow  words  and  phrafes  from  the  Fantce  language,, 
wLlch  is  lefs  guttural  and  more  liurmoiiiouD  tliaii  that  of  their 
neighbours,  adopt  the  Fantee  word  Ha nnattan. 
The  Harmattan  conies  on  mdiicriminately  at  any  hour  of  tlie 
at  any  time  of  the  tide,  or  at  any  period  of  the  Moon» 
and  continues  fometimes  only  a  day  or  two,  ibmetimes  five  or 
^       and  it  has  been  known  to  laft  fifteen  or  fixteen  days, 
Tbeit  are  generally  three  or  four  returns  of  it  every  feafbn.  It 
Mows  with  a  moderate  force,  not  quite  £b  ftrong  as  the  fea 
breeze  (which  every  day  fets  in  during  the  fair  feafon  from  the 
W.  wAw.  and  S.W.)  ;  butfomewhat  Wronger  than  the  land 
innd  at  ni^t  from  the  N.  and  N«N. 

I.  A  fig  or  Bffze  is  one  of  the  peculianties  which  always  ac« 
companies,  the  Harmattan-  The  gloom,  occafioned  by  this  fog 
Ts  ib  great,  as  fometimes  to  make  even  near  objeiSts  obfoune. 
The  Englifti  fort  at  Whydali  {lands  about  the  midway  between 
the  French  and  Portuguefe  forts,  and  not  q^uite  a  quarter  of  a 
mile  from  eichfir»  yet  very  often  from  thenp  neither  of  the 
other  forts  can  be  difcovered^  The  fiin,  concealed  thegreateit 
part  of  the  day,  appears  only  about  a  few  hours  about  noon^and^ 
then  of  a  mild  red^  exciting  no  painful feniatibn  on  the  eye« 

As  the  particles  which  conftitute  the  fog  are  depofited  on  the 
lyafs,  the  leaves  of  trees,  and  even  on  tlie  Ikin  of  the  negroes. 
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fo  as  to  make  them  appear  whitifli,  I  recommended  to  Mr. 
VOKRiS  the  ufe  of  a  good  mlcrofcope,  as  this  might  poffibljr 
dlfcover  fomething  concerning  the  nature  of  thefe  particles. 
I  was  prevented,**  fays  Mr.  norkis,  "  by  the  bkd  ftate  of 
my  health  from  availing  myfelf  of  the  microfcope;  nether 
«*  could  I  dlfcover  any  thing  by  the  tafte,  or  by  expofing  plates 
**  covered  thinly  with  melafles,  for  when  1  li  id  dropped  aa  acid 
**  or  alkali  into  the  water  in  which  I  had  diHolved  the  melafles, 
*'  nothing  followed  to  enable  me  to  judge  of  the  nature 
***  of  the  panicles.   Surely  they  cannot  be  infect  or  ani- 
•**  malcube  of  infe^?  for  .  we  have  no  appearance  of  any 
•**  thing  produced  from  the  myriads  of  them  which  are  depoHted 
-**  on  the  earth.   They  do  not  flow  far  over  the  Itirface  of  the 
(ea:  at  two  or  three  miles  diilaiice  from  the  (hore  the  fog  is 
•«*  not  fo  thick  as  on  the  beach ;  and  at  four  or  five  leagues  dif- 
tance  it  is  intirely  loft,  though  the  ^armattan  itfelf  is  plainly 
'    felt  for  ten  or  twelve  leagues,  and  blows  frefh  enougji.to  alter. 
**  thecourie  of  the  current.'* 

a.  Ex^irpne  drynefi  makes  another  extraon£nary  property  of 
;  this  wind    No  dew  falls  during  the  continuance  of  the  har- 
mattan ;  nor  is  there  the  leaft  appearance  of  moiilure  in  the 
atmofphere.    Vegetables  of  every  kind  arc  very  much  injured  ; 
all  tender  plants,  and  mofl  of  theprodudions  of  the  garden,  are 
'deftroyed;  the  grafs  withers,  and  becomes  dry  like  hay;,  the 
I  vigorous,  ever-greens  likewife  feel  its  pernicious  influence;  the 
branches  of  - the  lemon*,  orange,  and  lime  trees  droop,  the 
;  leaves  become  flaccid,  wither,  and,  if  the  harmattan  continues 
:to  blow  for  ten  or. twelve  Hays,  are  fo  parched  as  to  be  eafily 
ifubbed  to  duft  between  the  fingers  :  the  fruit  of  tiiefe  trees, 
^deprived  of  its  nourifhment^  and  dinted  in  its  growth,  only 
i  appears  to  ripeii»  for  it  becomes  yeUow  and  dry,  without 

acquiring 

Digitized  by  Google 


n Jtnguhir  African  fFM,    -  ,  ^ 
daiuiriog  half  the  .viual  fize.   The  natives  taker  thb  oppor« 
tunity  of  the  extreme  drynefs  of  the  graTt  and  young  trees  to 
let  fire  to  them,  ^peetally  near  their  roads,  not  only  to  keep 
tiiolc  roads  open  to  travellers,  but  to  deftroy  the  fhelter  which 
kHtggrafs,.  Hiui  ti^Gk^Oit  young  trees,  would  attord  to  Ikuik- 
JDg  parties  of  their  enemies.    A  Hre  thus  lighted  flies  with  fuch 
npidity  as  to  endatlge.r  thofe  who  travel :  in  that  fituation  a 
common  inethod  of  efcBpt  ts,  on  diibovertnga  fire  to  windward, 
lofetthe  grafs  on  fire  to  leeward,  and  then  follow  your  own  fire. 
There  arc  other  extraordinary  effe6ls  produced  by  the  extreme 
drynefs  of  the  JHarmattan.    The  covers  of  books,  Mr.  noaris 
mfiums  tocp  even  dofely  flnxt  vp  in  a  tninkt  and  lying  among 
httcloatbt^  Here  hent  ais  if  they  had  been  expo£e4 1^  the  fire, 
Hoofltold  liinfitate  is  alio  much  damaged :  the.  panadb  of  doors 
and  of  wainfcot  fpiit,  and  any  veneered  work  flics  to  pieces. 
The  jolots  of  a  well-laid  floor  of  feafoned  wood  open  fuffi* 
cietuly  to  lafme'a  finger  in  theoQi^  but  become  as  clofe  as  be- 
ibieott  die  acafing o&the BmMlt^n.  The  feama  %lfi>  in  the 
fides  and  decks  of  Aipa  are  ncniA  injured,  and  become  yefj 
leaky,  though  the  planks  are  two  or  three  inches  in  thic'  nefs. 
Iroti-fx)und  calks  require  the  hoops  to  be  frequently  driven 
lighter;  and  a  calk  of  rum  or  brandy,  with  wooden  hoopsv 
can  icaiceliy  be  prefianred;  fvr  v»le&  a  peribn  atteftdjS |o keep 
it  moificftifid,  the  hoops  fly  off.   .    .  :     •  * 

The  parching  effe6ls  of  this  wind  are  likewife  evident  on  the 
external  parts  of  the  body.  The  eyes,  noftrils,  lips,  and  pa- 
late, are  rendered  dry  and  uneafy,  and  drink  is  often  required, 
not  fo  much  to  quench  thirft,  as  to  remove  a  painful  aridity  in 
^fauces.  The  lips  and  noie  become  ibre«  and  even  chapped ; 
and  though  the  air  be  cool,  yet  there  is  a  troublefbme  feniation 
of  prickling  heat  on  the  fkin.    If  the  Harmattan  continues 
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four  or  five  dajz^  the  fcarf  (kin  |>ee}s  off,  iirft  from  the  hands 
and  face,  and  afterwards  from  the  other  parts  of  the  hody,  if  k 

continues  a  day  or  two  longer.  Mr.  norris  oblerved,  that 
when  fwent  was  excited  by  exerclfe  on  thofe  parts  wliich  were 
covered  by  his  cloatbs  from  the  weather,  it  was  pecuiiarlj 
acrid,  and  tailed,  on  applying  his  tongue  to  his  arm,  (bme- 
thing  like  ipirit  of  hartVhom  dilated  with  water. ' 

As  the  flate  bf  fait  of  tartar  placed  in  the  t>pen  air,  and  the 
quantity  evaporated  from  a  given  lurfacc  of  water,  are  obvious 
proofs  of  the  comparative  moiftuie  or  drynefs  of"  the  atmofphere, 
I  defired  Mr.  norris  to  put  the  Harmattan  to  each  of  theie 
feefts ;  and  particularly  to  moiilen  fait  of  tartaric/  diUqmum,  and 
expofe  it  to  the  night  air  during  thi^  ikot-  that  the  Ittdrtnatta^ 
^as  blowing.  The  f<^lowing  is'  the  account  df  the  rcfult  of 
fhefe  exp  ririicuts.  Salt  of  tartar  will  not  only  remain  dry 
during  the  night  as  well  as  in  the  day ;  but,  when  liquified  fo  as 
to  run  upon  a  tile,  and  expofed  to  the  Harmattan ,  becomes  per* 
leiftly  dij  in  two  or'three-ljltos  i  'and,  eatpofel  ia*  like  maaoer 
to  the  night  air,  will  fedryiJefi^fe^mOfpitgi*    '      ' : 

With  refpe(St  to  evaporation  Mr.  norris  fays,  «  I  fixed  the 
**  tin  veflel,  with  which  you  favoured  me,  on  a  grafs  plat 
behind  my  houfe,  upon  a  toid  four  feet  high,  and  expoied 
by  its  fituation  Hkoll^if^f  the  day  to  the  fun,  bat  ihelp* 
tered  in  ibine  meafure  from  the  Wifidby  the  faou&J' 
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Lipjht  brce/.c  i\rtd  lia7y.      *   '  * 

Dlt'o  .md  fair  weather,  ' 
1  Ha/y  with  rL-jiiiatUuid  anj  fe'g 

Ditia.  -    ■  '  .    .: , 

f ■  EiaruuttAU  Ucg^a  to  blow  moJc- 


C  Harmttttn  Oil]  blowing,  buf 
2  tnci  ihc  fog  not  confideit^lc. '         '  ' 

Harmatian  almoft  over,  i  J  t  ■  ^■ 
I  fiafi^atca»        Tea  hreete  ju^ 

I  ufaal,  hazy.  1  - 


id^iUbokk  afped,  aQdTW]|letoiMe,fe0o^3:ied:heati€afi^ 
grafs  plat  being  before  it.    When  removed  into  the  next 
**  room,  which  had  three  windows  and  a  door  opening  into  the 
*'  pT-nde,  the  thermometer  ufuaily  rofe  4'  liigher  tl^^n^it  4i^.iQi 
the  warehoufo;  itsgei^eraJ^  iioight  m  £he-  xoomy.  ffOm^OiieitQi 
**  three  o'clock,  was  84** 

On  tb^  14th  of  December,  whea  there  was  no  Hanxiattan, 
V  tlie  therrnloineter  at  nooti,  -on  putting  it  into  the  evaporating 
•*veflel,  role  to  60  ;  uu  taking  k  out,  it  lunk  t0  7^",  whilft  the 
**  moifture  on  its  filrfocc  was  evaporating;  bUt  on  exixjfing  it 
"  five  minutes  to  th^,fu/i  it  rofe  to  ioa%  On  the  httecuth  of 
!'  X^ecember  the  tHermdnietier,  expoied  to'  th«  wind  in  my 

ij  a  room 


Dr.  DOBSdN's  V^mmMT    /Be  Hamaxtm^ 

room  window,  but  not  to  tlic  i'un,  Hood  at  noon  at  84";  at 
•*  88^  in  the  evaporating  veficl ;  .funk  to  80°  as  the  water  eva- . 
^*  poraced  firom  its  furface ;  rofe  in  the  fim  ia  fix  minuter  to 
1*  104*;  and,  on  putting,  k  iato  the  water-jar  In  my  room» 
^«  ftink  to  76** 

It  appears  from  the  preceding  experiments  made  by  Mr. 
KORRis,  that,  if  the  evaporation  of  the  whole  year  be  Tuppoled 
10  go  on  in  the  fame  proporticp  with  what  oc<:urred  dnrsng  a 
Ciortand  veiyrinoddrate  rctyifc  of  tfae-Haraattan,  thf  annual' 
Hannattan  evaporatioa  woold be  :i33 inches;  ^nd  t£  the  calcu*: 
ktion  was  made  in  proportion  to  the  erapotation  which  occurs 
during  a  longer  vifit  from  the  Harmattan,  and  a  more  forcible 
hreeze,  the  annual  Hannattan  evaporation  would  be  much  more 
«oniiderable.  If  the  annual  ^ppratio^;be  in  like  manner  ctilcu* 
fated,  in  pnportioa  to  tbe  efajwatio^  whkh  took  place  fubfo-' 
^ent  to  and  pcecei&g  the  Hsmnatta^t  tb»  ajmuaicvapofadoa 
at  Whydah  on  the  Gold  Coaft  wouti  be  64  inches,  and  I  have 
found  the  annual  evaporation  at  Liverpool  to  be  36  inches 
Theiis  three  therefore  ace  in  the  ibUowkig  proportkin ;  Har- 
mattan  133  ladies,  Whydah  64  inches  ahd  livisipoel  3d 
inches. "  ' 

As  the  naf&evof  ditngrare  etei  denved  htm  finDeremadbH 
ble  property  in  thp  thing  (knoted^  I  dcfircd  Mr.  norris  to  in^ 
quire  into  the  derivation  of  the  word  Harni;ittan»  He  found  it 
to  be  a  corruption  of  jiberramantab^  the  name  of  that  kaibn 
in  which  this  wind  blows.  Aherramantah  is  compounded  of 
Jibtrranumj  %vhich  in  the  Fanlee  language  %Difies  to  blowv 
afiSd  laBy  tallow  or  greafe,  with  wliich  the  nativea  rub  their 
fiuiis  to  prevent  their  growing  dry  and  rougli.  -  / 

•  nilofephical  Tfiyiiiiaioitt  T«l»1C]tV]a,  p. 
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Tlie  Harmattan  ieaioa  is  iu  the  Duuco  laoguagp  called  Pif^ 
feb,  ^oifyiag  a  dry  and  mgh  ikin. 

3.  SabAritf  ftroM  ft  thifd  peculianCf  of  the  Hatmattaih. 
Though  this  wind  is  ib  very  preju^ctal  to  v^etable  and 

occailoiu  fucii  dilagrecable  parching  efFeds  on  the  human  ipc- 
cies,  yet  it  i&  liighly  conducive  to  health.    Thofe  labouring; 
lender  fitixes  and  internutting  fevers  g^rally  recover  in  aa 
Humattao*  Tho^  weakened  hf  fevers,,  and  iinking  under 
cwcnarinns  ftr  the  osie  of  them»  partictilarly  bleedings  which 
ii  olbn  injndi€ioii%  repeated,  hare'  th^  lives  (aved^  and  vigour 
teftored,  in  fpite  of  the  doftor.    It  Hops  the  progrefs  of  epldc- 
mics :  the  fmaii*pox»  remktent  fevers,        not  only  diiappear,» 
but  tboie  labouring  under  rhefe  difeafes  whett  an  Harmattm 
cooes  on,  «  ahnoft  certain  of  a  ipeedy  recoYciy-  Inibdioa 
sppeua  not  then  X»  be  eaiily  comtaunicalmleven  by  art  In  the* 
year  1770  there  were  on  board  the  Unity,,  at  Whydah,  above^ 
300  (kves;  the  {mall-pox  hroke  out  among  them,  and  It  was. 
dcfcrmmfd  toipoculate  »  thofe  who  were  inoculated  be  tore  the 
Hifmattan  came  on  got  very  weii  through  the  diieaie.  About: 
ierenty  were  laocnkTed  a  day  or  two  after  the  Harmattan  ietin  ; 
tot  nor  one  of  them  -haid  ^her  ficknefi  or  eruption*   It  wss^ 
imagiaed,  that  the  infection  was  effec^lually  difperfed,  and  the 
lliip  clear  of  the  difofder  ;  but  in  a  very  few  weeks  it  began  tO' 
appear  among  thofe  ieventy.    About  fifty  of  them  were  iuocu* 
httd  the  iecottd  time ;  the  others  had  the  difeafe  in  the  natural 
vsy:  an  Harmattan  came  on^  and  they  all  recovered^,  except: 
Me  girl,  who  had  an  ugly  niter  on^  tlM  moculated  part,  and; 
tlied  feme  time  afterwards  of  a  locked  jaw^   The  great  lalubrity,. 
Jind  the  power  of  checking  epidemics,,  are  fuch  extraordinary, 
iroperties  of  the  Harmattan,  that  I  defired  Mr.  norris^  on  hifv 
aeitieojage  to  the  Q>afty  to  aicertaiatheie  poinu  by  iiirther  - 

inqpiricsi. 
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inquines.  "  I  have  not  much 'new/*  fays  Mr.  Koasn^  oa 
theie  points,  fave  the  general  teftimony  of  the  natives  in  con* 
firmadon  of  what  I  have  already  commtinicated ;  and  that  I 

•*  had  been  very  ill  myfelf  for  nine  days  with  a  rerfiittent  fcx-Tcr 
**  this  voyage,  of  which  I  recovered  imnncdiately  upon  the  Har« 
**  mattan  beginning  to  blow ;  whether  from  the  medicine$ 
which  I  had  taken,  or  from  the  alteration  in  the  ibite  of  th^ 
atmofphere,  I  pretend  not  to  determine.   I  now  learned,  for 
^*  the  firft  time,  that  the  Harmattan  js  noted  for  contributing 
**  much  to  the  cure  of  nlccrs,  as  well  asciitnncous  eruptions.** 
Mr.  NOR  R  IS  is  forry  to  be  obliged  to  diffent  from  lo  refpedablc 
lin  authority  as  that  of  Dr.  lznd,  who  ipeaks  of  the  Harmattan 
as    fatal  and, malignant ;  that  Its  tiozbns  vapours  are  deftroc* 
tive  to  Blacks  as  well  as  Whites;  and  that  the  mortality 
which  it  occafioiu-  is  in  proportion  to  the  denfity  and  duration 
of  the  fog.'*    The  baneful  effects  here  pointed  out  proceed 
from  the  periodical  rains  which  fall  in  March,  April,  &c.  and 
whiph  are  uOiered  in  by  the  Tornadoes,*  or  iliong  gufb  of  wih^ 
from  the  N.E.  and  E.N.E.  accompanied  wiA  violent  thUndet 
and  lightning,  and  very  heavy  fhowers.   The  earth  drenched 
by  thde  fliowers,  and  a<Sied  upon  with  an  intenlc  iolar  heat  as 
foon  as  the  ilorni  is  over,  fends  forth  fuch  noifome  vapours  as 
ftrike  the  noOrils  with  a  mod  ofFcnfive  flench,  and  occaiioa 
biliouis  vomitings,  fluxes,  and  putrid  fevers.    Befides  the/e  va-^ 
pours,  which  are  annual,  there  appears  to  be  a  coile^ion  of 
fHll  more  pcftiferous  matter,  confined  for  a  longer  time,  and 
iiTuing  from  the  earth  after  an  interval  of  five,  fix,  or  fevcn 
years.    *'  The  periods,"  fays  Mr.  KoRRis,  **  which  I  remexn- 
♦*  Jaer  to  have  been  thus  marked,  were  in  x  756,  when  Governor 
MBLViLL  and  'moft  of  the  gentlemen  and  foidiers  at  Cape 
**  Coaft,-  died ;  %  1763,  1769,  and  1775.'  The  mortality 
'       '  in 
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ia  fome  of  thde  years,  for  they  were  not  all  equally  &cal^ 

was  fo  great  that,  as  Dr.  lxnd  fays,  the  Itviog  were  icaice 
M  fufficient  to  remove  and  bury  the  dead." 

It  is  to  be  obierved,  that  there  may  be  inftances  iii  which  the 
Harmattaii  comes  loaded  with  the  effiuvia  of  a  putrid  marfli ; 
and  if  there  are  any  fuch  fituations,  the  nature  of  the  wiad 
soay  be  fo  changed  a^  to  become  even  noxious. 

Another  inquiry  which  I  defired  Mr.  morris  to  make 
fpeded  the  iburce  of  the  Harmattan*  and  the  nature  of  the  foil 
ewr  which  it  blows.  It  appears  that,  except  a  few  rivers  and 
foine  lakes,  the  country  about  and  beyond  Whydah  is  covered  for 
four  hundred  miles  back  with  verdi|rc,  .o|?en  plains  of  grafs^ 
clumps  of  trees,  and  fome  woods  of  no  .confider»blo  extent* 
The  furface  is  fand|y,  and  below  that  a  rich  reddifli  earth  ;  it 
lifcs  ^  a  gentle  afcent  for  one  hundred  and  fifty  miles  from 
the  iea  be^^re  there  is  the  appearance  of  an  hill,  without 
afibrding  a  ftone  of  the  fize  of  a  walnut.  Beyond  thefe  hi^jy 
there  is  no  account  of  aiijr  great  ranges  of  mountains. 

VVirii  reiped  to  the  origin  of  this  wind^Mr.  korris  iays^ 
f <  the  Uarmatta^*  accon&ig  to  Dr»  Liiu>,  ari&s  from  thecon- 
M  flux  of  fcveral  rivers  about  Benin ;  but  when.  I  was  on  a 
"  vifit  to  the  King  of  Dahomey,  one  hundred  and  twenty 

miles  North,  or  inland  from  the  Fort  at  Whydah,  1  there 
"  felt  the  Harmattan  blowing  from  the  N.E.  ftrongpr  than>  I 
'^have  at  any  other  tia)c»  though  Benin  thea  boie  from*  me 

On  this  head  Mr.  korris  makes-  the  following  conjedure  : 
"  The  intcrleftkjii  of  three  lines,  viz.  an  caft  line  drawn  from 
"Cape  Verd,  a  nortli-eaft  one  from  tlie  centre  of  the  Gold- 
"  Coaft,  and  a  north  line  from  Cape  Lopez»  would,  I  think* 
^  point  out  a.  probable  iburce  of  this  extraordinary  wind.*' 

Three 
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Three  lines,  drawn  according  to  the  diredion  of  Mr«  koh&m» 
towards  the  jpoints  of  the  compafs  from  which  the  Harmattan 
blows  on  Cape  Verd«  the  Gold  Coail»  and  Cape  Lopez,  con- 
verge I  find  to  a  part  of  Africa  about  the  15th  degree  of  N» 
latitude,  and  the  25th  degree  ot  £.  longitude,  which  I  alfb 
lind  to  be  that  part  of  Africa  where,  according  to  PTOLEMr, 
the  nountauis  of  Caphas  are  iitoated.  From  thefe  mountains, 
According  to  the  iame  authoritf,  the  river  Pandus  arofe,  fup- 
poied  by  fometo  benow  the 

It  may  be  conjedhired,  that  the  difagreeable  Levant  wind  of 
the  Mediterrannean  proceeds  from  the  iame  part  of  the  Conti* 
aent  of  Africa ;  for  it  prevails  during  the  fame  leafim  of  the 
jrear,  and  may  deiiive  its  qualities  from  the  furiaoe  over  winch 
it  pofles* 

The  laft  article  of  information  with  which  I  have  been 
favoured  by  Mr.  nor  r  is,  is  an  account  of  the  manner  in  which 
the  Fantee  nation  divide  their  year. 

Aherramantah»  hom  the  ift  of  December  to  the  middle  of 
Febniaiyy  about  10  weeks* 

*  Qmkorah,  a  ^nd  up  the  coaft,  from  S.S.W.  to  S.S.E.  from 

the  middle  of  February  to  the  firft  week  in  March,  about  3 
weeks. 

Pempina,  or  Tornado  feaibn»  part  of  March,  all  Apnl,  and 
the  greateftpart  of  May,  about  12  weeks. 

Abrenama,  or  the  old  man*s  and  woman's  children,  that  is, 
the  Pleiades,  the  rainy  feaibn,  the  latter  end  of  May,  all  June, 

and  to  about  the  20th  of  July,  8  weeks. 

Atukogan,  or  five  ftars,  that  is,  Orion,  high  wind  and 
iijually,  the  rains  very  heavy,  to  the  middle  of  Auguft,  3 
weeks* 

Wonobakorow, 
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Worrobakorouy  or  one  flar,  the  ceaiiiig  of  the  raius,  about 
3  weeks. 

Aiawurrahy  the  name  of  a  certain  flar;  clofe,  foggy  wea«^ 
tfaer  and  nobceeze,  the  firft  three  wedcs  in  September. 

Bouccfa,  no  land  breeze  in  thb  (eafbot  the  vnnd  blows  fi»lk 
down  theCoafty  about  fix  weeks. 

Autiophi,  or  the  Croziers ;  Tornadoes  and  foutherly  wind^ 
with  fome  rain,  generally  called  the  latter  rains,  about  £)Uf 
weeksy  to  the  banning  of  Decembert  whea  the  Ahenamaa* 
tahiisaiba  ^gain  commencttt 
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y.  Effov  on  a  new  ' Method  of  applying  the  Screzi'.    By  Mr, 
.  William ,  punter,.  Surgeon^}  f^r/mmnicated      Lkutenani  Qc" 

. .  .  t       >  J 

♦    •  ...  ,  .  ... 

MirrrirvX/,  .J  •."lot      .  . 

IHA V£  ibme  time  ago  been  led  to  think,  that  the  icrew». 
which  of  all  the  mechanical  powers  is  the  moft  commonly 

employed  in  perforating  motions  which  require  great  accuracy, 
might  be  applied  in  a  manixcr  which  would  better  anfwer  many 
intentions  than  that  corrunonly  ufed.  The  plan  is  ibmewhat 
fimilar  to  nonivs*s  diviiion  of  the  circle ;  but  before  I  explain 
myfelf  farther  it  may  be  prpp^r  tq  lay  down  a  few  general 
rules  on  which  we  may  found  a  comparifon. 

The  pcrfc(5lioii  of  any  machiiie  confifts  in  acconij  liihing  the 
end  propoied  in  a  manner  the  mo(k  effectual,  the  moft  expedi- 
tious, and  the  leail  cumberfome  poITible.  In  order  to  attain 
this  end  the  following  things  are  required. 

1.  That  the  flrength  of  the  ieveral  parts  of  the  engine  be  (b 
adjuftcd  to  tlic  force  they  are  inteiukd  to  exert,  as  that  tlicy 
fhall  not  break  under  the  weight  they  ought  to  countcra<5l,  nor 
yet  encumber  the  motion  by  a  greater  quantity  of  matter  than 
is  neceiTary  to  give  them  a  proper  degree  of  ilrength. 

2.  That  the  increafe  of  power,  by  means  of  the  machine, 
be  ib  regulated,  that  whiler  the  force  we  can  exert  is  thereby 
rendered  adequate  to  the  cffctft,  it  may  not  be  retarded  in  pro^ 
curing  it  more  than  is  ^bfolutely  i^cceUary. 

3.  Th 
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3.  That'th>  tmchine.beas  fizn^le  as  i$  coufifteut  with  other 
conditions. 

4.  That  It  be  ns  portable  and  as  little  troubkiome  in  tlie  ap« 
plication  as  poffible. 

5.  That  the  contrivance  bie  fuch  that  ttie  moving  pmver 
mj  be  apfdied  ui  fuch  a  way  as  td  tiSt  \t6  thir'g^teft 
iulvahtage;  and  tha[t  the  lixiottbnultitnaCtely  produced  may  have 
diat  dire£bipn  and  vdocity  which  is  moft  adapted  to  the  execu^f 
tlou  of  the  defigu  propofcd  by  the  whole. 

6.  Of  two  machines,  e^jual  in  other  refpedls,  that  defervci 
the  preference  In.  which  the  fHdion  leaft  diminiihes  the  eiie6b 
propoied  by  the  whole. 

It  will  eaffily  appeal-  th^t  £>me  thefb  conditions,  if  car* 
ned  toan extreme,  will  be  inconfiftentwith  fome  of  the  others. 
Here  the  proper  medium  confifls  in  adapting  them  to  each  other 
in  fuch  a  manner,  as  that  the  refult  of  the  advantages  of  both 
may  be  the^i^eateft*,  iuid  that  of  the  defers  the  leaf):,  ,  that  ia 
poffihie.  .  r  ■  ■  \    .      /  .  ; 

The  fbilowing  method  of  applying  the  {S-ew,  I  think,  may 
in  certain  cafes  be  attended  with  fome  of  thefe  advantages  to  a 
greater  degr  ee  than  by.  thofe  commonly  pniclifed. 

Let  AB  (fig.  I.)  be  a  plate  of  metal  in  which  the  fcrew 
CDplaya,  having  a  number  of  threads  in  an  inck^  equal  t6  a4 
Within  the  (brew  CD' there  b  a  female  (crew,  by  which  Is  re*' 
cwved  the  fmaller  fcreW  DB  of  <f  +  r  threads  in  an  inch.  This 
fcrcw  is  retained  from  moving  round  aiung  with  the  fcrcw  ci> 
by  means  of  the  apparatus  at  afgb. 

Now,  if  the  hsmdle  ckl  be  turned  a  times  round  the  fcrew, 
CO  will  advance  upwards  an  tnch^  and  if  we  fuppofe  the  icrew 
DB  Co  move  round  along  with  cd-,  the  point  b  Will  alfb  advance 
MI  iach.    It  wc  uow  turn  the  fcrew  de  a  times  backwards,  the 

I  2  .  point' 
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ipoint  E  will  move  downwards       of  an  inch,  and  the  refult 

of  both  motions  will  be  to  lift  the  pointEupwaid  (f  *^^=  ). 

~  of  an  inch.   But  ift  while  the  fcrew  CD  is  turned  n  timed 

round,  de  be  kept  from  moving,  the  ef{e£t  wiU.be  the  fame  as 
if  it  had  moved  a  times  xound  with  CD  and  been  a  times  turned 

back,  that  is,  it  will  advance        of  an  inch*   At  one  turn 

therefore  of  the  handle  ckl  it  wiU  move  upwards         x  ^  =) 

»  ■ 

of  an  inch.    If  then  we  fuppofe  the  handle  ckl  to  be 

h  inches  long*  the  poWen  gswaed  by  the  xpachine  will  be  as 
4f*4>tf  X  6,2932  ^  to  iiiucyw> 

To  illuftrate  this  by  a  particular  example,  let  the  fcrew  CD 
have  10  threads  in  an  inch,  and  de  ii  :  then,  while  ^le  handle 
CK£.  is  turned  10  times  round,  the  point  D  will  riie  one  inch 
above  its  former  tituation.  But  at  i  o  turns  it  can  only  pafs  oveit 
>o  tl^eada  of  the  icrew  nB»  and  conieqtkeutly  it  will  advance 
upon  that  icrew  >4.ths  of  an  inch.  The  pcnnt  s  therefore  muf)5 
rife  T-Vth  of  an  iach,  that  the  point  d  may  have  room  to  rile  a 
complete  inch  above  its  former  place  :  therefore,  at  one  turn  of 
the  handle,  the  point  e  will  rife  xt-^^  ^f  ^  i^^^  t  i^nd  if  the* 
handle  be  fuppofed  half  a  foot  long,  the  power,  to  produce  m 
equilibrium,  miuft  be  to  the  wdghtas  r  to  i  jo  x  6^283^  xt^- 
4146,912,  winch  is  the  very  number  cxpreflcd' by  the  general*, 
theorem,  vi%.  a  -^ax  6,2832^,  calling  ^1=  10  and  b-  6. 

Now  let  us  compare,  according  to  tiie  rules  bctoi£  laid  down, 
thia  method  of  udng  the  fcrew  with  the  common  one.  And^ 
firil,  in  order  to  have  the  fame  power  by  means  of  the  common 
fcrew  that  is  exerted  by  this,  machine^  it  muft  have  a  numbered 

threads 
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ilireads  th  an  inch  equal  to  a*-^a^  which  woulcl  render  it  too 

\veak  to  rclift  any  confiderable  violence.    For  example,  if  dc 
have  five  threads  in  an  inch,  and  de  iix,  and  if  die  handle  ckl 
k  a  loot  in  length,  the  power  gained  by  the  engine  wtU  be 
nearly  as  {a^-^a  x6b^)  21 60  to  i;  whereas,  to  have  the  fame 
fcfcc  by  means  of  the  common  (crew,  it  muft  have  30  threads 
in  an  inch,  and  lb  muft  yiekl  under  a  refiftance  which  the 
Other  fcrew  would  overcome  without  any  difficulty.    Upon  thi» 
principle,  the  fcrew  may  be  applied  with,  advantage  in  prefles  of 
difierent  kiii^,  by  fixing  one  of  the  plates  of  the  prefs  to  the- 
end  of  the  fcrew  at  b; 

As  to  the  Iccond  requifitc,  both  methods  may  be  equally 
^aptedto  it ;  yet  other  circumftanccs  will  determine  us  to  apply 
the  common  fcrew  where  a  iinall  increafe  of  power  is  neceflary, 
and  the  preient  contrivance,  wheo  we  fland  ianeed  of  a  greater*. 

This  will  jfbllow  from  the  third  rule,  as  in  the  method  now. 
propoied  a  double  nxunber  of  fcrews  is  required,  which  makes  > 
the  ftruv^iire  more  complicated,  occafions  more  expcnce,  and. 
requires  a  greater  accuracy  of  conftru£lion,.fince,.  unlefs  this  is* 
attended  to,  the  machine  will  not  move. 

However,  the  machine  may,  in  fome  caies,  anfwer  the.^ 
fourth,  intention  better-  than  the  common  one,  as  the  power  - 
gained  by  the  additional  fcrew  enables  us  to  (horten  the  handle  : 
which  will  tend  to  make  the  whole  more  port;.ble. 

The  power  is  here  applied  in  the.  fame  direction  as  m  the  *■ 
comnaoo  fcrew,  fblhat  both  equally  anfwer  the  firft  part  of  the 
fifth  mk ;  but  as  to  the  lafl,  the  motion  ttlttmatefy  produced,  it « 
will. depend  on  particular  circumftances  which  of  them  is  moft- 
fit  forufein  any  cale.  1  huo,  if  the  fcrew  DE  be  intended  to  * 
carry  an  iiidex  which  mu{V  turn  round  at  the  fame  time  that  it' 
ofu  upwards,  the  common  fcrew  is  preferable;  for  although  I« 
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can  fee  a  metliotl  by  which  the  machine  before  ddcribed  may 
be  made  to  aniwer  tliis  purpofe,  I  am  almoi):  afraid  to  propo^ 
it.  I  mean,  that  within  the  (crew  db  another  itiU  rmailer 
(hould  be  made  to  plaf,  and  be  conne£^ed  with  the  dte^  cd,  fb 
ns  to  more  round  along  with  it.  It  mufl:  have  a*  +  +  i  threads 
in  afi  inch,  and  they  mull:  be  in  the  contrary  dire£tion  to  tholb 
of  CD,  lb  that  when  they  are  botli  turned  together,  and  cd 
moves  upwards,  this  other  one  may  move  downwards  At  one 

turn  of  the  handle  this  will  move  upwards  -rr-  x  -i—-  

=  "7"; — t !  ^  ;  .  ■  of  an  inch,  and  at  the  lame  time  will  move 

rowni  in  a  circular  dire£iion«  For  example,  let€D  l\^ve  5 
threads  (  =  ^)  in  an  inch,  DS  6  and  a  third  fcrew^thin 

DE,  but  conne£led  witli  cd  fo  as  to  partake  of  its  motloni^  Jt* 
(r=^»4-^j+  i).    Atone  turn  of  the  handle,  this  fcrew  Will  rife 
upwards  4  x  |  x      =       of  an  inch ;  but  this  appears  too 
complicated  for  ufc,  and  the  leaft  inai:curacy  in  the  conflruc- 
tton  would  hinder  it  from  moving. 

But,  on  the  other  hand,  if  .while  the  point  e  riies  it  is  of 
confequciice  that  it  be  kept  from  going  round,  the  machine 
under  confideration  will  beft  anfwer  this  purpofe.  On  this 
principle  it  may  be  ufeful  in  feveral  relpecls :  fot  inflance,  let 
A  (fig.  2.)  reprefent  a  magnifying  lens»  and  let  it  be  moveable 
upon  the  fcrew  BC  of  16  threads  in  an  inch,  which  turns  within 
the  larger  fcrew  CD  of  1 5  threads  in  an  inch,  and  that  again 
moves  within  the  plate  ef  in  the  end  of  the  cylinder  gf  *. 
To  ufe  the  in  ft  r  anient,  fix  the  objcd  to  be  magniiied  upon  the 
pin  GL,  and  then  turn  the  lens  A  upon  the  fcrew  bc»  till  it  be 

*  The  fereur  bc  it  nUtramtd  from  mofing  along  with  co  by  tbe  fintll  pillar  nx, 
which  flidei  backwards  and  forwardi  in  a  groove  in  the  cylinder  «r. 

nearly 
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nearly  at  the  proper  diftance  from  the  pui,  and  oppofite  to  it. 
Vou  vaxy  then  adjad  the  difldtice  more  accurately  by  turning 
the  fcrew  dc,  at  each  tarn  of  which  the  lens  will  recede  from, 
or  approach  tOy  the  pui  ^^^th  of  an  inch.  This  it  will  do 
and  not  turn  afide,  but  ftill  remain  oppofite  to  the  pin 
LG.  A  double  microfcopc  might  be  fitted  on  in  the  place  of  the 
lens  A*  The  whole  iuftrument  may  be  furnifhcd  with  a  handle, 
as  at  M ;  or^  if  laiger,  it  may  have  three  feet  to  Aand  on  a 
1^ 

On  the  lai^  pnnciple  it  mud  be  owned,  the  commot^ 

fcrcw  has  the  advantage,  as  two  fcrcws  will  produce 
more  fridi^n  than  one ;  and,  befides,  in  the  compound  engine 
there  is  an  additional  fri<Slion  from  the  piece  fg  (fig*  i.)  upon 
the  pillars  between  which  it  moves* 

Anodoercafe  in  which  this  machine  may  be  employed  is  in 
the  micrometer.    Thus,  let  the  il;r^\v  ab  (fig.  3  )  of  50  tiireads 
iu  an  inch  be  turned  round  by  the  index  c,  which  moves  upon 
the  graduated  cirde  BCD  in  the  direction  CD.    Within  the  fcrew 
AB  is  the /mailer  one     of  51  threads  in  an  inch,  retauied  from 
immng  round  by  the  bar  gfh.   The  piece  af  is  continued  to 
Wheie  it  forms  a  fine  point.   To  ufe  the  inftrument,  let  it  be 
adjuAcd  to  the  telcfcope  or  microfcopc  by  which  you  are  to  view 
a  lUr,  or  fome  Imail  ohjctl:,  and  kt  the  point  k  appear  juft  to 
touch  one  edge  of  the  obje^.    Then  turn  tlie  ind^x  c,  and  the 
poiotcwjll,advance  upwards  till  it  appears  to  cover  the  other 
cdgp  of.  the  object,  and  thus  you  can  determine  its  iize»  The 
point  K  will  advance  at  each  complete  turn  of  the  index  t^V-o- 
of  an  inch  ;  and  if  the  circle  be  div  ided  into  80  equal  parts,  one 
of  which,  if  it  is  an  inch  in  diameter,  will  be  very  obfervablc, 
wliile  the  index  moves  over  one  of  theie,  the  point  k  will  advance  - 
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•  Thus,  tor  example,  luppofe  I  am  to  meafure  the  diameter  of 
a  ner\'oas  fibre  in  the  medullary  fubfiance  of  the  brain,  I  make 
iihe  point  k  appear  cloie  to  one  edge,  and  turn  the  index  till  the 
fame  point  pafs  over  the  fibre,  and  appear  to  touch  the  other 
edge :  I  then  look  on  tlie  graduated  circle  jScd,  and  perceive 
that  tiic  index  c  has  pafled  over,  luppofe,  23,2  divifions.  Heuce 
1  conclude  the  diameter  of  the  fibre  to  be  23,2  x  m^^  j^-^—  ,  , 
ef  an  inch,  which  is  nearly  the  fize  as  found  by  the  accurate 
obfervations  of  Dr.  Monro.  There  (hould  be  a  nonius's  (bale 
on  the  indcK  which  will  meafure  to  one  tenth  of  a  divition. 

Asthe  ltidex  c  mull:  continue  dole  to  the  phite  ecd,  while  at 
the  fame  tmi.c  it  turns  round  the  fcrew  ab,  which  is  continually 
riiing,  it  muil  be  made  as  in  fig.  4.  where  are  two  imail 
pieces  which  play  in  a  groove  in  the  fcrew  ab  (fig.  3.^  while  the 
groovecD  (fig.  4.)  in  the  index  is  filled  up  by  a  protuberance  of 
tiie  plnte  ecd  (fig.  3.)  ;  the  piece  below  the  groove  cd  (fig.  4.) 
being  funk  into  that  plate.  The  whole  machinery  may  be  in- 
clofed  in  a  cylinder  of  hrafs  reaching  from  b  to  l  (fig.  3.),  fo 
that  the  point  of  the  fcrew  kk.  maybe  without  it,  and  the  iides 
of  the  cylinder  may  be  open  at  ecd. 

It  is  fimher  to  beobienred,that  what  has  been  iaid  goes  on  the 
fuppolitioa  that  the  point  K,  in  the  micrometer,  is  equally  mag- 
nified with  the  objed  w«  are  to  meafure.  But,  if  this  point  be 
plapcd  in  the  focus  of  the  eye-glafs  of  a  double  microfcope; 
when  it  moves  it  will  pafs  over,  not  the  object:  itfelf,  but  itft 
image,  magnified  by  the  objed-glafs.  In  this  cale,  if  the  obje6t« 
•  glafs  magnify  the  diameter  10  times,  while  the  index  pafies 
over  one  divifion,  the  point  K  will  pafs  over  the  image  of  an 
^bjed,  the  diameter  of  which  is  ^.^-^.y^j-  of  an  inch.  As  in 
1^  mode  of  application  the  point  k  muft  ^  between  the 

obje^ 


Digitized  by  Google 


9f  appfymg  the  Screw*  ^5 

tilled:  and  eye-glafs,  the  (crews  may  be  contained  within  the 

fulcrum  by  ^vliich  tlic  microfcopc  is  lupported. 

The  machine  (fig.  i.)  may  be  applied  as  a  jack  to  raxfe  great 
^'eights  a  little  way  from  the  ground,  by  fubflituting  two  croft 
band^ipikes  for  the  handle  ckl  s  or  a  vertical  handle  may  be 
employed  in  the  following  manner.   Let  a  (fig  5  )  be  a  pinion 
turned  by  the  handle  ab,  which  we  fuppofe  a  foot  in  length. 
Letthepmion  A  have  4  teeth,  and  move  the  wheel  cd  of  16 
teeth.    The  fcrew  EF  of  4  threads  in  an  inch  is  fixed  in  this 
wheel,  and  turns  round  along  with  it.    Within  it  |>lays  the 
iciev  tG  of  5  threads  in  an  inch,  and  which  we  fupfiofe  pre- 
vented from  following  the  motion  of     :  it  terminates  in  fuch 
aihoulder  as  that  icprckatLd  at  g,  Ind  being  continued  to  H 
ends  in  a  foot  as  in  the  figure.  The  whole  is  inclofed  in  a  flrong 
framt.  The  pinion  a  muft  be  coime£ted  in  fucli  a  manner  with 
the  wheel  cd     to  rife  within  the  frame  along  with  it,  Which 
may  eaiily  bedone  by  making  its  axis  play  in  a  piece  of  wood  or 
metal,  which  5s  connefted  by  the  end  to  the  fcrew  bf.    Or,  if 
th'isihodld  be  deemed  Inconvcaiciit',  as  the  rifing  of  the  phiion 
mull  raife  the  handle  ab,  the  wlieel  cd  may  be  hindered  from 
rifing,  and  at  the  fame  time  turn  the  fcrew  ef,  by  a  contrivance 
iimtlarto  that  ufed  with  the  index  c  (fig.  3.)  in  the  micrometer* 
Id  other  cafe,  the  axis  of  the  pinion  ihonld  be  continued  through 
Ac  oppofite  fide  of  the  frame,  and  armed  with  a  heavy  fly  to 
reguhite  the  motion.    When  the  machine  is  to  be  applied  to 
ufe,  the  bottom  of  the  frame  refting  on  the  ground,  if  the  body 
to  be  lifted  is  already  as  high  as  the  top  G,  that  top  is  appHcd 
below  it ;  but  if  it  is  dofe  to  the  ground,  we  put  below  it  the 
foot  H ;  then,  if  the  handle  ab  be  turned  once  round,  the 
wheel  CD  and  fcrew  ef  will  turn  \  part  round,  and  the  point  p 
will  rife  (i  x  ^'^th  of  an  inch.    The  point  g  or  n  will 
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therefore  be  lifted  upwards  (^^  x  4  =  )  ./^th  of  an  inch.  But 
the  end  b  of  the  handle  ab  has  dcfcribed  above  fix  feet ;  there- 
fore the  velocity  of  the  point  g  is  to  that  of  the  point  B%8  one 
to  ( 7  2  X  80  =  )  5  7 60.  Therefore,  if  we  fuppofe  K  man  to  aflt  at 
the  handle  with  a  force  equal  to  30  lbs.  he  maj  keep  in  equilibrio 
a  weight  of  172800  lbs.  But  a  fubduflion  of  perhops  more 
than  one  half  of  this  mnft  be  made,  that  he  may  raiie  the 
weight,  as  the  fri<5lion  of  the  engine  will  be  confiderable.  Sup- 
pofe  it  to  be  two-thirds,  the  eifc(fl  {liil  remains  equal  to  5760Q 
lbs.  or.  25  tons  i4cwts.  and  32  lbs. 

It  will  eaiily  appear,  that  this  method  of  applying  the  fcrew 
may  have  a  place  in  many  other  eng^es,  particularly  where 
great  accuracy  is  required ;  or  we  want  a  motion  to  be  perfiui^ed 
with  great  power,  while  at  the  fame  time  it  need  not  have  any. 
large  compais.  The  few  examples  given  above  may  fervc  as  a. 
fpecimen^  . 
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VI.  yln  Account  of  the  Turkey.    By  Thomas  Pennant,  Efq* 
P-.  K.  S, ;  communicated  6y  Jofeph  Banks,  Efy,  P.  R,  S, 


fi.ead  December  21,  igZi* 

TUIUCEY.      Bill  convex,  iliort  and  ibong. 

Head  and  neck  covered  with  a  naked  tuberdfe 

fleQi,  with  a  long  fleftiy  appendage  hanging  horn 
the  bafe  of  the  upper  mandible. 

On  the  breaft  a  long  tuft  of  coarfe  black 
liairs. 

WUd  T\ukjey.  jossblyn's  Voj.  99.  Rarities  8*  claytok^s 

Virgin :  Phil.  Tranfl  abridged.  III.  590.  law- 
son,   149.     CATESBY  Tupp.  XLrlV". 

Lecoq  d'Inde,  belon  248. 
Gallo-payOf  o£sm£r  Av.  48{.   Icon.  56*  ' 
GaUo-pavQ,  ald&ov.  Av«  ii.  i8« 
Gallo-pavo,  the  Turkey^  A.  5.  Gallo-pavo 
lylveftris  Nova  Anglrae,  a  New, England  wild 
Turkey,  raii  Synopfis  Avium  51. 

Meleagris  GaUo-pavo.  M.  capite  caruucula 
frontali  gularique»  maris  pedore  iiarbato,  Liif, 

Le  I^don  de  bufvon  IIL   bris80N«  L  15S. 
tabuxvi.   PL  EnLp;. 

K  2  Defcriptioa. 
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Dc fcription.     T.  with  the  chara6^ers  defcribed  in  the  definitlbiT 
of  the  genus,    like  plumage,  dark  glofled  with 
variable  copper   colour,   and  green,.  Coverts 
of  the  wings  and  the  quill  feathers  barred  witb 
Tail*.  black  and  white.  Tail  confifts  of  two  orders^r 

The  upper  or  fhorter  very  elegant,  the  ground 
colour  a  bright  bay ;  the  middle  feather  marked 
with  numerous  bars  of  Ihinlng  black  and  green.. 
The  greateft  part  of  the  exterior  feathers  of  the 
fame  ground  with  the  others  marked  with  three 
broad  bands  of  oialiard  greai,.  placed  remote  from^ 
eack  other,  l^ie  two  next  are  coloured  like  thofe 
of  the  middle ;  but  the  end  is  plain  and  croiled^ 
with  a  fmgle  bar,  like  the  exterior. 

The  longer  or  lower  order  are  of  a  ruHy 
white  colour,  mottled  with  black;  and  crofledi 
with  numerous  narrow-wayed  lines  of  the  iame. 
colour^  and  near  the  end  with  a  broad  band. 

Wild  Turkies  preferve  a  famenefs  of  colouring 
the  tame,  as  ufual  with  domcfllc  animals,  vary.- 
It  is  ueedlefs  to  point  out  the  dilferences  in  fo  well 
known  a  bird :  the  black  approaches-neareil  to  the  - 
'•r^nal  itock;  This  variety  I  have  ieen  nearly  in' 
«,ibite  of  nature  in  Richmond  aird  .other  parks.- 
A  mofl beautiful  khid  has  of  late  been  introduced. 
White  iiito  England  of  a  fnowy  whitcnefs,  finely  con- 

variety.        trailing  with  its  red  head.    Thefe,  1  think,,  came 
out  of  Holland,  probably  bred  from  an  accidental  - 
white  pair;  and  from  them  preferved  pure  from 
any  dark  or  variegated  birds.- 

Si2e. 
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^ijj^  The  iizcs  uf  tlic  wild  Turkic s  have  been  dif- 

ferently reprefented.  Some  writers  aflcrt,  that 
there  have  been  i usances  of  their  weighing  fixtyr 
pounds;  but  X  find  none  who,  fpeaking  from 
^eir  own  knowlege,  can  prove  their  weight  to 
be  above  forty,  josselyn  fays,  that  he  has 
eaten  part  of  a  cock,  which  after  it  was  phickcd, 
and  the  entrails  taken  out,  weighed  thirty^. 
LAWSON,  whofe  authority  is  unqueftioaable,  faw 
half  a  Turkey  ierve  eight  hungry  men  ibr  two 
meals  f ;  and  fay that  he  had  (een  others  which 
he  believed  weighed  forty  pounds,  gates  by  tells 
us,  that  out  of  the  many  hundreds  which  he  had 
handled §,  very  tew  exceeded  thirty  pounds; 
each  of  thefe  fpeak  of  their  bang  double  that  fize 
jnerely  from  the  reports  of  others,. 
BSannerSv       The  mannefs-  of  thefe  biidsaieas  fingularas^ 

their  figure.  Their  attitudes  in  the  feafbn  of  court- 
fhip  are  very  ftrikiiig.  The  males  flifig  their  heads 
and  neck  backwards,  briftle  up  their  featliers,  drop 
th^  wings  to  the.gpundy  (Irut  and  pace  mofl  ridi- 
culoufly;  wheel  round' the  ffo^^  with  their 
wings  ruftling  along  the  earth,  atfhe  iame  time 
emitting  a  ftrange  found  through  their  noftriU 
Kotos*  not  unUke  the  (7 r«rr  of  a  great  fplnning  wheel. 

Oa  bang  interrupted  they  fly  into  great  rages,  and 
ohangf  their<notesinto.aloudandgnttural  gobble, 

♦  New  England  RaritieSt  p.  S, 

+  Hirtorv  of  Carolina,  p.  149.  and  ijr; 

§  App.  XLIV.  The  grestdl  certain  w«i||it  b  gtfea  \yf  Mr,  claytow;  wbe 
hm  oae  that  reached  38  Ibt .   Phil*  Traof* 

and 
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-and  then  return  to  dalliance.   The  found  of  tha 
finnate  is  placindVe  and  iilelanclioly. 

Iiailible.  The  pafiions  of  the  males  are  very  ftrongly  ex- 

prefled  by  the  change  of  colours  in  the  flelhy  fub- 
ftance  of  the  head  and  neck,  which  alters  to  red, 
white,  blue,  and  yellowiih,  as  they  happen  to  be 
afiefled.  The  iight  of  any  thing  red  excites  their 
choler  greatly. 

Polygamous.  They  are  polygamous,  one  cock  lei  viiig  many 
t  hens.    They  lay  in  the  fpring,  and  produce  a 

great  number  of  eggs.  They  will  perliil  in  lay- 
ing to  i  ^itat'  ^ile.  They  retire  to  fome 
Maxre 'placti'td  fit,^  dife^dock  through  rage  at  the 
lofs  of  its  mate  being  very  apt  to  break  the  eggs.  ^ 
'The  females  are  very  aiTcctionatc  to  tlicir  young, 
and  make  great  moan  on  the  lofs  of  them.  Tlicy 
iit  on  their  eggs  with  fuch  perfeveraiice,  that  if 
they  are  not  taken  away  when  addle,  the  hens 
wilt  almoft  periflt  with  hunger  belbre  they  will 
quit  the  neft« 

Turkies  g;reatly  delight  in  the  feeds  of  nettles ; 
but  thofe  of  the  purple-fox  glove  prove  htsS  to 
them*. 

Turkies  ure  veiy  ftupid  birds^  quarrdfome,  and 
cowardly.  It  is  diverting  to  fee  a  whole  flock 
attack  the  common  cock,  who  will,  for  a  long 

time,  keep  a  great  number  at  bay. 


Swift.  They  nre  very  fwift  ruiuicrs  in  the  tame  as  well 

Perch  as  the  wild  flate ;  they  are  but  indifferent  flyers, 

high.  They  love  to  perch  on  trees,  .and  gain  the  he%ht 

*  l>B  ilTFFOir* 

'6  they 
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diey  wifli  by  riiing  from  bougH  to  bough.  In  a 
wild  ftate  they  get  to  the  very  fummit  of  the 

loftieil  trees,  cvca  iu  high  to  be  beyond  the  reach 
of  the  mufquet  *. 

Gregarious*  In  the  ftate  of  nature  they  go  in  flocks  even  of 
five  hundred  ^f-,  feed  much  on  the  fmail  red  acorns, 
and  grow  fo  fat  in  March  that  they  cannot  fly 
more  than  three  or  four  hundred  yards,  and  are- 
fooii  ran  down  by  a  horfcman.  In  the  unfre- 
quented  parts  bordering  on  the  Miffifipi,  they  are 
fo  tame  as  to  be  (hot  with  even  a  piftol  %• 

Haunts*  They  frequent  the  great  fwaitips  §  of  their 

native  country,  and  leave  them  at  fun<^riiing  to 
repair  to  the  dry  woods  in  fearch  of  acorns  and 
berries  ^  and  before  iun-fet  retire  to  the  fwamps 
to  rooft. 

*  The  flefli  of  the  wild  Turkey  is  faid  to  be  fu- 

pcnor  in  goodnefs  to  the  tame»  but  redder.  Egg$  • 
of  the  former  have 'been  taken  from  the  nefl^'  and ' 
Hatched  under-  tame  Turitics.  The  young  -mW 
ftill  prove  wild,  perch  fcparate,  yet  mix  and  breed 
together  in  the  feafbn.  The  Indians  lometimes- 
ufe  the  breed  produced  from,  the' wild  as  decoy 
birds  to  feduoe  *  thofe  in  a'  fbte  of  nature  within, 
their  reach  ||. 


f  ADAiB**  Afiier«  566^ 

}  frAWSOW,  149. 

f  XtM  intliefwaBipttliiitdi^loftidlandhioftbiilkytjweitre.'  Th«wttwith' 
iriiidk  thcf  ue enriroiied  makei  tbeinii&ctire  letieat* . 

wad: 
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Miftaken 
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Mr,  pennant's  Account 

:     ^ild  Turkies  are  now^pwn  moft  exceflivcly 
^jp^      tfae  ^iDhab^it^  j^arCS  ttif  America^  and  are 
^only  fbynd  in  fpafj^i^s  l^i  ^  difbnt  and  moft 
unfrequented  fpots. 
'I     The  Indians  make  a  moft  elegant  cloathing  of 
the  leathers.   Th?^  tvvift  th  inner  webs  into  a 
ilrong  douUe  dmad  of  hemp,  or  inner  bark  of 
^  the  mulberrjr  tree,  j^lul^iClt  like  matting;  it 
appears  very  rich  and  glofly,  and  as  fine  as  a  (ilk 
fhag*.    They  alfo  make  fans  of  the  tail ;  and 
the  French  of  Loulfiana  were  wont  to  make  um- 
brellas by  the  jundion  of  four  of  the  tails  +. 

When  difturbedt  they  do  not  take  wing»  but 
runout  of  fight.  It  is  ufugl  to  chafe  them  with 
dogs,  when  they  will  fly  and  perch  on  the  next  tree. 
They  arc  fo  ftupld  or  fb  infendble  of  danger,  as  not 
to  fly  on  being  ftiot  at ;  but  the  furvivors  remain 
unmoved  at  the  death  of  their  companions  |. 

Turkies  are  natives  only  of  Amenea^  or  the 
New  World,  and  of  courfe  unknown  to  the 

4 

ancients*   Since  both  thefe  portions  have  been 

denied  by  fome  of  the  moft  eminent  naturalifts 
of  the  (ixteenth  century,  I  hog  leave  to  lay  open, 
ill  as  few  words  as  pofUble,  the  caufe  of  their 
error. 

BELON  §»  the  earliefl  of  thofe  writers  who  are 
of  opinion  that  thefe  birds  were  natives  of  the 


*  LAWtOlf,  1 8.    ADAIX,  423, 
t  S«  »AATZ,  IX.  85. 
}  DV  FKAT7,,  914. 

§  Hill*  dcs  Oys.  a48. 
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old  world,  founds  his  notion  on  the  defcription  of 
the  Guinea  fbwl»  the  Meleagrides  of  itrabo, 
ATHENAus,  PLINY,  and  Others  of  the  ancients. 
I  reft  the  refutation  on  the  excellent  account  given 
by  ^TRBMjBvSy  taken  from  clytus  mile8iu8» 
adifciple  of  aristotle,  which  can  fuit  no  other 
than  that  fowl.    **  They  want,*'  fays  he,  "  na- 
**  tural  aftedion  towards  their  young ;  their  head 
is  naked*  and  on  the  top  is:  a  hard  round  bodjr 
like  a  peg  or  nail  ;  from  their  cheeks  hangs 
*^  a  red  piece  of  fleih  like  a  beard.   It  has  no 
wattles  like  the  common  poultry.    The  fea- 
"  thers  are  black,  fpotted  with  white.  They  have 
no  fpurs ;  and  both  fexes  are  fo  liji^e  as  not  to  be 
diftinguiihed  by  the  fight.'*    yarro  *  and 
FtiNY  ^  take  notice  of  the  fpotted  plumage  and 
the  gibbous  fubftance  on  the  head,  athsn^vs 
\s  more  minute,  ? and' ccmtradiiSls  every  chara^^er 
of  the  Turkey,  whole  tciiules  are  remarkable 
for  their  natural  afieclion,  and  diilcr  materially 
in  form  from  the  males,  whofc  heads  are  deftitute 
of  the  callous  fubftance  and  whofe.heels  (in  the 
males)  are  armed  with  fpurs. 
AiDRo-  ALDRovANDUs,  whodicd  iu  1605,  draws  his 

VAKBUs;      arguments  from  the  fame  fourcc  as  belon  ;  I 
therefore  pafs  him  by,  and  take  notice  of  the 
nd  greateft  of  our  naturalifts  gesnkr  +,  who  l\ills 

OitNRR.      into  ^  mifiake  of  apother        and  wiOies  the 

*  lib.  ni.  c  9. 
f  Lib.  X.  c.  s6. 
I  Av.  481. 

V0L.LXXL  L  Turkey 
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■T'.'^^'  '^'*'''  T5irkey  to  be  thought  a  native  of  India.  He 
rrf.^Tf.  'In  quotes  ^LiAN  for  that  purpofe,  who  tells  us, 
'  iut^auv.  f)(ti  <* That  in  India  are  very  large  poultiy  not  with 
fi^vi^irri  vo.  rtr^yiibi^i  bilt  with  various  colourad  crefts  inter- 
.  1  -  »  ct' woven  like  flowers,  with  broad  tails  neither ' 
bending  nor  difplayed  in  a  circular  form,  which 
**  they  draw  along  the  ground  as  peacocks  da 
**  when  they  do  not  ered  them ;  and  that  the 
<^  feathers  are  partly  of  a  gold  colour^  partly 
blue,  and  of  an  emerald  colour 
'  This  in  all  probability  was  the  fame  bird  indtb 

the  Peacock  Pheafant  of  Mr.  edwards,  Le  Paon 
<f(f  TOtf/ of  M.  BB-i s SON,  Midi  t\\t  Pavo  bicnlaira^ 
tus  of  LinvjEvs.  I  have  feen  this  bird  hving; 
It  has  a  crefty  but  not  fb  confplcuous  a?  that 
defcribed  by  ALXAiv;  but  it  haa  tbofe  ihriking 
colours  In  ferm  of  eyes,  neithcff  does  it  ered 
its  tail  like  the  Peacock +,  but  trails  it  like 
the  Pheafant.  Th^  Caireus  of  strabo  J  feeras 
to  be  the  fame  bird.  He  defcribes  it  as  un- 
commonly bean ti fill  and  fpotted^  and  very  like 
a  Peacock.  The  iotmeK  author  ^  gives  a  more 
minute  Hccount  of  diis  ipeciesy*  and  under  the 
fame  tiame.  He  borrow*  it  from  clit AitCRVs,  an 
attendant  of  Alexander  the  Great  m  all  his 
conquefts.  It  is  evident  from  his  defcription, 
that  it  was  of  this  kind ;  and  it  is  likewife  pro- 
bable, that  it  wae^he  fiuae  with  hi»  lai^Ifldiaa 

•  De  Anim.  lib.  XVi,  c.  i. 

f  Edw.  II.  67. 

X  Lib,  XV.  p.  1046 

i  DcABim.lib.XVU.  c.j|.  ,  . 
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poulfty  before  deed*  celebi^tef  k  alfo  for  itt  ' 
fine  note ;  bolt  allowance  muft  be  made  for  the 
credulity  of  ^lian.  The  Calrcus,  or  Peacock 
Pheafant,  is  a  native  of  Tibet,  and  in  all  proba- 
bility of  the  north  of  India,  where  CLiTARCHUi 
might  have  obierved  it ;  for  the-march  of  Atzx- 
ANDBft  was  thtough  that  part  which  borders  on. 
Tibet,  and  is  now  known  by  tJie  name  of  Penj-ab 
or  five  rivers. 

Not  natives       I  iliall  now  colle<5l  from  authors  the  feverai 
ofEinpe;    parts  of  the  world  where  Turkies  are  unknown 
in  the  ftate  of  nature.   Europe  has  no  fliare  in 
the  que(liAn ;  it  being  generally  agreed  that  they 
are  exotic  in  rcfpeft  to  that  continent, 
nor  oi  Neither  are  they  ibund  in  any  part  of  Ada 

Minor,  or  the  Aiiatic  Turky,  notwithflanding 
igpiorance  of  their  true  origin  firft  caufed  them  to 
be  named  fro|n  that  empijnei^  ;^boat  Aleppo» 
capital  of  Sjriia*  they  are  only  .^et  with,  do« 
mefticated  like  other  poultry  *.  In  Armenia  they 
are  unknown,  as  well  as  in  Perfu  ;  having  been 
.  brought  from  Venice  by  fome  Armenian  mer- 
chants into  that  empire  whece  they  are  flill  fo 
•icftft^  as  to  be  pteierved  among  other  rare  fowl  in 
the  royal  men  age  l  y  X. 

Dtr  UALDfi  acquaints  us,  that  they  are  not  natives 
of  China ;  but  were  introduced  there  from  other 
•■  '  * 

•  m'ffHtL,  63. 

i  TAVIHtlftK,  146. 

I  Mt.i»*tTraye1s,  I.  u8, 

L  a  countries. 
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'  '    )  '       eoil»triedi  He  errd       mr(iiifbrflM)doa  in  ikying 
that  die7  art 

iWiIl  ttiiqwsll&'^UmLLT  eiitBRT,  to  prove  that 
they  are  not  found  in  the  Philippine  Iflands,  be- 
TjUt  '  '  that  gentleman  with  his  pen  travelled 

ei^  j  - ;  '  round  the  world  iu  his  eafy  chair,  during  a  very 

.  u  .    ioi^  indifpofitiOtt  and  boiiGfold^^       ids  native 

But  DAMFkBR  b^rs  ti^iifiptfiitlione  are  fiiund 

1:       •       mMindanaoJ.  '  -tr  ? 

nor  Africa;  •  The  hot  climate  of  Africa  barely  fuffers  thefe 
..J  -ii!:  r  ,  birds  to  exift  in  that  vaft  continent,  except  under 
/ -lii  Zi;i.z  i    the  care  of  mankind.   Vfery  few  are  found  ia 

2Uh  TO  :  r  I  ^  n^jp!^<giclSAg'^  HfiMViy  on  acooiint  of 
^/ij'jUiUl»t  the  great  heats  §.  pkosper  alpinus  fatisfies  us, 
.>  they  are  not  found  either  in  Nubia  or  in  Egypt. 
He  defcribes  the  Meleagrides  of  the  ancients,  and 
only  pTovTs  that  the  Guinea  hens:  were  brought 
cKitofNubia9  and  fold  at  a  great  price  at  Cairo  || ; 
Irat  i»  totally  filent  about  the  Ttirkcy  of  the 
moderns. 

Let  me  in  this  place  obferve,  that  the  Guinea 
hens  have  long  been  imported  into  Britain.  They 
were  cultivated  in  our  farm-yards ;  for  I  difcover 
in  J2yjf  in  the  Grainge  of  Clifton,  in  thifr 

■ 

*  Sir  lAMit  roiTtm^  Obf/Ttariccf,  L  1.  yt* 

§  BOfMAK,  Bag. 

I  Hift.  Nat.  Mgfptu  I*  boi« 
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pariih  of  Ambrofden  m  Bnclcinghamfhire,  among 
other  articles,  fix  Muiilones  and  fix  Africantf 
fiemkUe  *^  fot  this  fowl  was  femiliarly  known  bj 
the  names  of  Afra  Avis  and  GalUna  Alcana 
and  Nnmkla.  It  was  Introduced  into  Italy  from 
Africa,  and  from  Rome  into  our  country.  They 
were  neglected  here  hy  reafon  of  their  tendernefs 
and  difficulty  of  rearing.  We  do  not  find  them 
in-  die  bills  of  fare  of  our  ancient  Teafls  f ;  nei- 
ther do  we  find  the  Turkey ;  which  laA  argu- 
ment amounts  to  almoft  a  certainty,  that  fuch  a 
hardy  and  princely  bird  had  not  found  its  way  to 
us.  The  other  likcwife  was  then  kwown  by  its 
cla£ical  name ;  for  xiiaX  judicious  writer  Dodor 
CAIV8  deicribes,  in  the  beginning  of  the  reign  of 
BLiZABBTHy  the  Guinea  fowl,  for  the  benefit  of 
bis  firiend  obsner,  under  the  name  of  Meleagris, 
beftowed  on  it  by  AKiSTOTUt  J. 

Having  denied,  on  the  very  bcft  authorities, 
that  the  Turkey  ever  cxifled  as  a  mtlve  of  the  old 
worldf  I  muft  now  bring  my  proofs  of  its  being 
only  a  native  of  the  new,  and  of  the  period  ia 
.  which  it  firft  made  its  a(^»earancein  Europe^ . 
but  of  The  firft  precift  defcnption  of  thefe  birds  is 

America,   .   given  by  oviedo,  who  in  1 525  drew  up  a  fum* 
mary  of  his  greater  work,  the  Hiftory  of  the 

•  K 5  vket's  Parochial  Antiq.  287. 

t  Neither  in  that  of  cuorge  nevil  nor  among  the  delicacies  mentioned 
in  the  Northumberland  houthold  book  begun  in  ihc  beginning  of  the  reiga  of 

HENJIT  VIII. 

X  CAix  Opufc.  13.   Hill.  An.  lib.  \%  c, 

Indies, 


-yf  Air,  pJennant's  Accouttt 

^tSMf  1^ ^ «^ Ills  flionarch  cra&lbsv. 
aJi6ilhilds^    t%i6  teiilbi^  ^  had^lSmi  the  Weft,  Indies  apd 
iis  iflinds  ift  ixJrfbtk,  and  ffeyed  particular  regard 

to  the  natural  liiilory.  It  appears  from  him,  that 
the  Turkey  waS  in  his  days  an  inhabitant  of 
the  greater  iflands,  and  of  the  main-land*  He 
fpeakt  -ef  tti6bi  a^J^iaeodts;  for  being  a  new 
t6  hiai^'  lie  a(Ac^6^t  name  from  the  » 

But/'  fays  he,  "  the  neck  is  bare  of  feathers, 
but  covered  with  ti  (kin  wliich  thev  change 
after  their  phantaiie  into  div^erfe  colours.  They 
have  *  a. horn  as  it  were  on  their  front,  and 
''^hairBB  on  the  bitailf/*   He  defcnbes  other 
birds  which  he  alio  calls  P<9acocks.   They  are  of 
the  gallinaceous  genus,  and  known  by  the  name 
of  CuraflTao  birds,  the  male  of  which  is  blacky 
the  female  ferruginous. 

The  next  who  fpedcs  of  them  as  natives  of 
the  main-iand  of  the  warmer  parts  of  America, 
is  Fft  ANCisco  FiSRKANiiBz,  ient  there  by  fhilip 
II.  to  whom  he  was  phyfician.  This  naturalift 
Mfliff>^  obferved  them  in  Mexico.  We  find  by  hira, 
that  the  Indian  name  of  the  male  was  HucxolotJ, 
of  the  female  Cihuatotolin.  He  gives  them  the 
title  of  Gallus  Indicus*  aod  Gallo  Pava  The 
Indians,  as  well  as  Spaniard^  domelHcated  thele 
tiieful  birds.  He  fpeaks  of  the  fize  by  comparifbn, 
faying,  that  the  wild  were  twice  the  magnitude  of 

•  lo  the  Spuifli  F^CMi  cortOb 
f  la  ru&CHAt,  m*  995* 

1  the 
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<f  tht  Turkey,  j^^; 

the  tamci ;  and  that  they  were  fhot  with  arrows- 
or  guiis^.  I  cannot  learn  the  time  when  fsr- 
NAKDES  wrote.    It  muft  be  between  the  years 

155';  and  1598,  the  periud  of  fhilip's  reign.. 
PEDftu  DE  ciESA  mentions Turkies  011  the  Iflh- 
£buep».  /     ]|uisofDarienf*i«BRY,aPortugueie author,  a£ert8». 

^atthey  are  found  in  Brazil,  and  gives  them  an 
fadian  naioe  X ;  but  fince  lean-  difcover  no  traces 
of  them  in.  that  diligent  aod  excellent  naturaUft 
MARCGKAVE,  wlio  rciidcd  long  in  that  country,, 
i  mufl  deny  my  afient*.  But  the  former  is  con— 
£rmed  by  diaL  abk  and  honejft  navigator  dam- 
Fiu,  who  iaw  theai.  frequently;,  as  well  wild' 
as  taxa^  in  the  province  of  Yucatan  now 
tttckoned  part  of  the  kingdom  of  Mexico. 
North  111  North  America  they  \\T:rc  obfcrvcd  bv  the 

America*.      very  firfl:  difcoverers,    "When  ren^^de  laudon- 
IJIEEE,  patronized  by  Admiral  cq^;ioni,  attempted 
tQ  fofm  a  fettki^ent   near  the  place  where 
Charleftown  now  fiandsi  be  tpet  with  them  on . 
Jus  firft  landing  in  15649  and  by  his.hiilorian  has: 
reprefented  them  with  great  fidelity  in  the  fifth 
plate  of  the  recital  of  Uis  voyage  || :  from  his  time 
the  witne&s^  to.  their  being  natives  of  the  conti- 
nent are  innumerable.   They  have  been  feen  int 
flocks  of  hund»d9  in  aU  parts,  fmm  I^uifianai 

•  Hift.  Av.  Nov.  Hifp,  27.  *  • 

f  Seventeen  Years  Tia/cl'^,  20. 

J  In  ne  last's  D'^fcr.  des  Indes,  49T. 

%  Vc/yagcs,  vol.  U.  part  U*. p.  65.  85,  II4« 
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8o  PEiNNANT*s  Account 

even  to  Canada ;  but  at  this  time  are  extfeineljr 
rare  in  a  wild  fiate»  ^cept  in  the  more  diflant 
parts,  where  th^  are  itill  found  invaftabun* 

dance. 

Whcnfirft        It  w^is  from  Mexico  or  Yucatan  that  they  were 
introduced     firil  introduced  into  Europe ;  for  it  is  certain,  that- 
intoEurope^  th^  were  imported  into  England  as  earlj  as  the 
year  t5a4»  Che  15th  of'HBir&Y  vm  *• 

We  probably  received  them  from  Spain,  ^th 
which  we  had  great  intercourfe  till  about  that 
time.  They  were  moil:  1  ucccfsfiiily  cultivated  in 
our  kingdom  from  that  penod ;  in(bmuch,  that 
they  grew  ooimnoo  in  every  f^rm-yard,  and  be* 
came  even  a  diih  in  our  rural  feafts  by  the  year 
1585  s  for  we  may  certainly  depend  on  the  word 
of  old  TxmBi,  in  his  Account  of  die  Chriftmaa 
Hufbandiie  Fare  +.     -  -  * 

Beefe,  Mutton,  flndPorke,  ihred  pies  of  the  beft. 

Pig,  Veale,  Goofc,  and  Capon,  and  Turkic  well  drefl, 
Chceie,  Apples,  and  Nuts,  jolie  carols  to  hcare. 
As  then  in  the  countne,  is  counted  good  cheare. 

• 

But  at  this  very  time  they  were  fo  rare  in 
France,  that  we  are  told,  that  the  very  firft  which 
wn  s  eaten  in  that  kingdom  appeared  at  the  nuptial 
feaft  of  cHAALSSrix.  in  1570 1. 

*  baker's  Chr.  Anderson's  DiA.  Com.  I.  3^4.  hacklutt,  IL  i6$. 
makes  tbetr  introduftion  about  the  year  1532.  saknabt  ooogi,  cob  of  our 
early  writen  «B  Hnftaadiy,  %s,  they  wen  not  feeiiJhm  Miie  t  He  highlj 
cemiBendia  tadjr  balbi  ofKent,for  b«r  excdlcat  mungmotof  thde  fiwl,  p. 

f  Five  Hundred  Pointt  of  good  Hnfliiidne,  p.  57. 

1  4|iPiaioii'i  Di&*  Cbnim*  L  410^ 
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e/  tbt  Turkey,  8x 

To  this  account  I  beg  leave  to  lay  before  you  the  veiy  extra- 
ordinary appearance  on  the  thigh  of  a  Turkey,  bred  in  my 

poultry  yard,  and  which  was  killed  a  few  years  ago  for  the 
table.  The  Icrvant  in  plucking  it  was  very  unexpectedly 
wounded  in  the  hand.  On  examination  the  caufc  appeared  fo 
fingular,  that  the  bird  was  brought  to  me.  I  difcovered,  that 
fiom,  the  thigh-bone  ifiued  a  ihort  upright  procefs^  and  to  that 
grew  a  laig^  and  ilrong  toe,  with  a.  fliarp  and  crooked  claw, . 
aa^y  reiembling  that  of  a  raj^adous  bird. 
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Vll.  Account  of  a  Nebula  in  Coma  Berenices.  By  Edward 
Pigott,  EJf,  In  a  Letter  to  Nevil  Maikeiyne^  D.  D.  F.  R,  S, 
emdJJrommer  Roy  ah 


Read  Janvaiy  1 1 ,  1 78 1. 

»  1?  XT    e  T  »  Pfiinpt  in-lnufr,  T.  h  morf tnJhiiCk 

R  U.  V.   5  1  Ky  S«pumb«t  3,  177,. 

AS  my  father  generally  addrefles  to  yoo  fuch  papers  as  he 
coiiiaiuaicates  to  the  Ro_)al  Society,  I  beg  the  tavour  of 
you  to  acquaint  that  learned  body,  that,  on  the  23d  of  March,  I 
difcovered  a  nebula  in.  the  condellation  of  Coma  Berenices, 
hitherto*  I  prefiime,  tinnoticed ;  at  lead  not  mentioned  in  M* 
DB  LA  landb's  Aftronomy,  nor  in  M.  ubssibr's  ample  Cata- 
logue of  nebulous  Stars.  I  have  obferved  it  in  an  achromadc 
tranfit  inftrument,  three  feet  long,  aiul  deduced  its  mean  R.  A. 
by  comparing  it  to  the  following  ilars,  having  made  the  necef- 
faiy  C9rfe£tions  for  aberration  and  nutation,  the  jcfultsare : 

By  I  Gemini         -  -         -          -       191  28  35 

By  y  Canis  Majoris  -          -          -          191  28  41 

Jiy  I  Virgiuis          -  -          -        -         191  28  45 

Byy  Virgmis         -  191  28  36 

By  I  Leouis         -  -     '    -         -        191  28  34 

Mean  R,  A.of  the  nebula  for  April  20,  1779,       191  28  38 


Its 
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Afr.  piooTT*8  Jkcoimt  of  a  Nebula,  Sec. .  83 

Its  light  being  exceedingly  weak,  I  could  not  fee  It  in  the 
two-feet  telcfcopc  of  our  quadrant,  fo  was  obliged  to  determine 
its  declination  likewife  by  the  tranfit  inftrument.  This  deter- 
oiination*  however,  I  believe,  may  be  depended  upon  to  two  mi^ 
nutes :  hence  its  declination  north  is  aa**  53"! •  The  diameter 
of  thb  nebola  I  judged  to  be  about  two  minutea  of  a  degree. 

lam,  &c* 

.    E.  PIGQTT.. 


VM.  Doahk  Stars  djfitovtred  mt  .1779,  Frampton-hoiifiv 
- 'Gkffioi^gaiiihbe.  [,       Nathaiieel  jPigott,  E/q,  F.  R.  & 

Foreign  Member  uf  i be  i^/R^/fj  ^  Bruffcls       Caen,  aiid 

Correfpomient  of  the  Royal  Academy  of  Sciences  at  Paris ; 

communicaied  by  NevU  Maikelyne,  Z>.  Dm  F»  R*  and 

Jifflrd^i^  MfiyaL 

Read  January  11,  1 78 x. 

TO  THE  K£V.  NEYII-  MASKELYNE. 

INCLOSED  are  the  determinations  of  t^fe  places  of  three 
double  {lars,  which  1  ^iicpFesed  this  ^n^mer;  st  leaft^  I 
prefume,  they  have  not  heen  obftiv^  bel^,'  hecauie  I  do  not 
find  them  inferted  in  Dr.  Bi|ADi;«y's  catalogue,  publiOied  in 

the  Nautical  Almanac  1773,  or  in  the  Connoijjance  des  Tems^ 
no  more  than  in  other  catalop  ues  in  my  poflefTion.  y  Dclphini, 
indeed,  is  in  M.  de  la  caille's  catalogue ;  but  not  as  a  dou- 
ble ftan  The  inilrument  he  uied  was  not,  probably,  power- 
ful enough  for  that  purpofe*  In  the  two-feet  telefcope  of  my 
quadrant  it  appears  only  as  a  (ingle  ilar.  Thefc  ftars  were  ob- 
Ici  vcil  by  aic  in  a  three-fcet  nchromntlc  tclcfcopc  of  a  traiilit 
inftrument,  with  an  obje<fl-glals  near  two  iuclies  diameter. 
The  R.  A.  are  nicely  determined  by  feveral  obfervations,  which  • 
always  agree  with  each  to  a  fra£tion  of  a  fecond  m  time.  The 

declinations 
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Mr,  pioott's  Aecdunt    douhk  Stars ^  Stc.  85 

declinations  were  deduced  from  the  clirTcrence  of  nitltudes  be- 
tween the  double  Aars  and  the  known  ftars,  to  which  they  were 
compai€d»  as  (hewn  by  the  graduated  femi-circle  of  the  tranfit 
mftrument,  which,  being  divided,  to  two  minutes  only,  cannot 
be  fuppofed  to  give  any  great  precifion :  however,  I  believe, 
their  declinations,  hence  deduced,  to  be  corred):  to  one  minute, 
or  one  minute  and  a  half. 

In  obferving  the  double  ftar  compared  to  f  Pegafi,  I  found  it 
impoffible  to  illuminate  the  wires  of  the  traniit  inilrument, 
without  nearly  obliterating  the  fiar.  This  difficulty  led  me  to 
a  method,  which,  as  it  completely  iiicceeded,  may,  under  iiml* 
lar  circumftances,  pofTibly  be  of  ufe  to  others.  A  perfon  illu- 
minating the  wires  very  faintly,  fo  that  I  could  juft  perceive  the 
double  ftar,  at  a  figual  totally  withdrew  the  light;  this  fignal 
1  made  when  the  double  ftar  was  nearly  as  far  dlflant  from  the 
firft  wire  as  the  five  wires  are  diftant  from  each  other,  which, 
in  tluscaie,  was  13"  by  the  clock.  I  then  counted  the  (econds, 
and  did  not  £ul  to  fee  the  ftar  difappear  a  fecond  or  two  within 
the  time  expe^ed.  On  its  difappcaring,  I  made  a  iignal  to 
write  down and  then  beginning  to  count  again,  did  the 
fame  at  each  wire.  I  have  fince  tried  this  metliod  with  other 
ftars,  and  think  they  may  be  thus  obferved,  even  with  greater 
precifion  than  when  the  wires  are  illuminated.  Hence  the 
troubleibme  bulinefs,  well  known  to  aftronomers,  of  illumi- 
nating  faint  obje^ls,  may  be  removed. 

The  preceding  ftar  of  each  double  ftar  was  obferved  on  the 
firft,  third  and  fifth  wires,  and  the  following  one  on  the  fecond 
and  fourth  wires;  and  thus  their  difference  in  R.  A.  in  time, 
converted  into  parts  of  a  great  circle,  obtained.  Suppoling  the 
.ipj -rciu  R.  A.  and  App.  declinations  of  aDelphini,  /SAquarii, 
aad  ^  P^(i,  as  here  aHiimed,  the  places  of  thele  double  ftars 
We  found  to  be  as  follows. 

I  beg 
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86         Mr.  BIOOTT*^  Aecmmt  rf  doM  Stars^  See, 

1  beg  you  to  communicate  thefe  obfcrvatioas  to  the  Royal 
Society ;  and  to  receive  my  thanks  for  chofc  I  iccdved  in  your 
letter  of  the  7th  ioftant. 

l  am,  * 

N.  PIGOTT, 

September  5,  1779. 

Mppk  It*  Ak  '  App.  dediiiatiM.. 

307  21     5      a  Delphliii,  3d" mag.       -  '5    ^  53  N. 

^O^    6  30      2ti  C  I  hrighteft  of  y  Delphini  4.    15  20  40  N» 
o   9i  di^^  R.  A.  of  the  2.  iVars  in  y  Delphini. 

Note,  both  the  flats  m  y  Delphini  have  the  fame,  or 

nearly  tlic  fame,  declination.  Tke  xil  is  of  tiie  6th,. 
the  zd  of  the  4th  mag. 

September  19*  ^ 

319  59  2^7+  i3Aquarii,  3d  mag.         •  6  31  34  Si. 

318    3^  21  preceding  double  flar,  5th  mag..        7  40  34  S.. 
Q  f  1    di£F.  R. A.  between  iftandidof  the  dbuble  fhr. 

Note,  the  ift  leemed  of  the  5  th,  the  2d  of  the  7th  mag.^ 
The  lil  is  perhaps  6''  or  8."  S*  of  the  fallowing  one. 

337  36  55+  fPegafi,  3dm^.  -  9,  41  24 N, 

346  53  361  double  liar,  8tli,  9th  mag       -       3  59  ^7 
Note,  both  the  ftars  of  this  double  ftar  have  the  fame,  QD 

nearly  the  fame»  R..A.,;,  their  difierence  ia  dedinatko. 

is.  1 5"  or  perhaps  ao'';. 
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nC.  Jin  Account  of  the  Ganges  and  Burratnpooter  Rivers.  By 

J  inics  Rcnnell,  EJq,  jp.  R,     ;   communicated  by  Jofeph 
.  Banks,  E/q,  P,JLS, 

Head  January  25,  i^Bi^ 

THE  *  Ganges  and  f  Burrampooter  Rivers,  together  with 
their  numerous  branches  and  adjunds,  interfetfb  the 
oountryof  Bengal  in  fuch  a  vanety  of  dlre^dons,  as  to  form 
liie  moft  compleat  and  eafy  inland  navigation  that  xran  be  coa- 
oeived.  So  equally  and  admirably  difibfed  are  thofe  natural 
canals,  over  a  country  that  approaches  nearly  to  a  pci  fctt  plane, 
that,  after  excepting  the  lands  contiguous  to  Burdwan,  Bir- 
boom,  &C.  (which  altogether  do  nor  couiUtute  a  fixth  part  of 
Bengal)  we  may  fairly  pronounce,  that  every  other  part  of  the 
country  has,  even  in  the  dry  ieaibn,  ibme  navigable  ibeam 
within  25  miles  at  lartheft»  and  more  commonly  within  a  third 
part  of  tliat  diftance. 

it  is  fuppofed,  that  this  inland  navigation  gives  con ftant  em- 
ployment to  jOyOOO  boatmen.  Nor  will  it  be  wondered  at, 
when  it  is  known,  that  ail  the  fait,  and  a  large  proportion  of  the 

•  The  proper  mme  of  tliis  river  in  the  lanjnms^e  of  Hindooftan  (or  Indoftan) 
;,■  Pudda  or  Fadda.    It  is  alfo  named  Burra- Gonga,  or  the  Great  River;  and 
(Jongn,  the  River,  by  way  of  eminence  j  and  Irora  this,  doubtleis,  the  European  . 
names  of  the  river  are  derived. 

t  The  orthography  of  this  word,  aj  given  here,  is  according  to  the  common 
FOQunciation  in  Bengal;  but  it  is  faid  to  be  written  in  the  Sanfcm  language, 
Eribma-pootar,  which  lignifics  the  Son  of  Brahma. 

6  ^'^^ 


88  Mr,  REtJ-iiZLL* tJcfounf  of  the 

food  confamed  by  ten  milltons  of  people  are  conveyed  by  water 
withm  the  kingdom  of  Bengal  and  its  dependencies.   To  the(e 

mull  b'j  added,  rlic  traiifport  of  the  commercial  exports  and  im- 
ports, probably  to  the  amount  of  two  millions  Acrliiig  per 
amum  \  the  interchange  of  manufactures  and  products  through- 
out the  whole  country ;  the  fiflieries ; /and  the  article  of  tra- 
velling*. 

Thefe  rivers,  which- a  late  ihgenious  gentleman  aptly  termed 
fiftcrs  and  rivals  (he  might  have  laid  iii'in  filKrs,  from  the  con- 
tiguity of  their  fprings),  exactly  refemble  each  other  in  length 
of  courfe ;  in  bulk,  until  they  approach  the  fea ;  in  the  fmooth- 
nefs  and  colour  of  their  watera;  in  the  appearance  of  their 
borders  and  ifbnds ;  and,  finally,  in  the  height  to  which  their 
floods  rife  with  the  periodical  rains.  Of  the  two,  the  Burram- 
pooter  is  the  largcft;  but  the  dilFerence  is  not  obvious  to  the 
eye.  They  are  iiow  well  known  to  derive  tiieir  fources  from 
the  vaft  mountains  of  Thibet  +  ;  from  whence  they  proceed  in 
oppoiite  dire^ions ;  the  Ganges  feeking  the  plains,  of  Hin- 
dooftan  (or  Indoftan)  by  the  weft ;  and  the  Burrampooter  by 
the  eaft ;  Both  purfuing  the  early  part  of  their  courfe  through 
1  ugged  vallics  and  defiles,  and  leldom  vifiting  the  habitations  of 
men.  The  Ganges,  after  wandering  about  750  miles  through 
theie  mountainous  regions,  i0iies  forth  a  deity  to  the  fuperiti- 

*  The  embarkations  made  life  of  vary  in  bulk  from  i8o  tons  down  to  the  fixe 
of  a  wherry.  Tbofe  from  30  to  50  tons  are  reckoned  the  moft  eligible  for 
tranfporcing  mereliandke* 

f  Thefe  are  amongft  the  highcft  of  the  mountains  of  the  old  hemiii^re.  I 
was  not  able  to  determine  their  height;  but  at  may  in  Ibme  meafure  be  guefled, 
hf  the  circunftance  of  their  riling  coofiderably  above  the  horisont  when  viewed 
from  the  plains  of  Bengali  at  the  diAance  of  150  nailes» 

7  doUSi 
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ftous,  yet  gladdened,  inhabitant  of  Hindooftan  *.  From  Hurd- 
war  (or  Hurdoar)  in  latitude  30%  where  k  guikes  through  an 
vfcamg  in  the  mountainsy  ft  flows  with  a  fmooth  navigable 
ftnam  through  delightful  plains  during  the  remainder  of  its 
cwrfe  to  the  fea  (which  is  about  1350  miles)  diffufing  plenty 
iiiinadiatcly  by  means  of  its  living  prodii(flions ;  arid  feconda- 
rily  by  enriching  the  adjacent  lands,  and  affljrdlng  an  ealy 
means  of  tranfport  for  the  productions  of  its  borders.    In  a 
mSktry  Tiew,  it  opens  a  communication  between  the  difl^rent 
pofts^  and  ferves  in  the  capaciiiy  of  a  miltary  way  through  the 
country;  renders  unneceflary  the  forming  of  magazines;  and 
infinitely  furpalles  the  celebrated  inland  navigation  of  North 
America,  where  the  carrying  places  not  only  obilru^  tlie  pro- 
grefs  of  an  army*  but  enable  the  adveriarjr  to  determine  his 
place  and  mode  of  attack  with  certainty* 

In  its  courle  through  th^  plains,  it  receives  eleven  rivers,  ibme 
of  which  are  e^^ual  tu  the  Rhine,  iuid  none  laialler  than  the 

•  Tfaefidnilonaciouiit  of  the  origin  of  tfie  Gai^  (b  eomnnitiicaced  by 
■f  Jetfiwtf  *ad  iogfeAiout  friend  e*  w.  bovostoit  nttVls,  £fq.)  is,  that  It  flows 
mt  of  the  foot  of  BUbhtn  *  (firam  whence,  lay  tllS  Bramlns,  it  has  its  name 
hii^i  that  word  fignifyiog  foot  in  the  Sanfertt  laH^tj^);  and  that  in  its 
courfe  to  the  piains  of  Hind6o|ian  it  palibi  throui^  an  itooienle  rock  fhapcd  like 
a  Cow's -head. 

The  aUegpiy  is  highly  exprcflSve  of  the  veneration  which  the  Hindoos  have  for 
tliii  famoas  ftrcam  ;  and  no  lefs  fo  of  their  gratitude  (b  the  Author  of  Nature  for 
beitott  ing  it  t  for  it  defcribes  the  hieffing  as  flowing  ip^Xy  from  hit  bounty  and 

goodnefs. 

The  rock  before  nientioned  has,  I  believe,  never  bein  vifit^d  by  any  F.uropcau  ; 
latl  is  even  allowed  by  nioft  of  the  natives  to  ben r  no  rcfcmbliiuc  to  the  oSjcv^ 
trom  whence  it  is  denominated.  Houcver,  as  the  cffe^s  of  luperAition  do  often 
Irtng  fun  ive  the  illufions  that  gave  it  birth»  the  rock  or  cavern  ftill  prclcrvcs  the 
name  of  Gewmooi^f  or  Cow'»>head« 


•  BefiibioUthc  Am  «iik  ViAneo,  the  r  nil  a» vino  aaiTV. 
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Thames,  befides  as  many  others  of  lefler  note.   It  is  owmg  to 

this  vaft  influx  of  ftreams,  that  the  Ganges  exceeds  the  Nile  fo 
greatly  in  point  of  magnitude,  whilft  the  latter  exceeds  it  in 
length  of  courfe  by  one-third.  Indeed,  the  Ganges  is  inferior 
in  this  lafl:  refpe£t,  to  many  of  the  northern  rivers  of  Afia  ; 
though  I  am  inclined  to  think  that  it  difcharges  as  much  or 
more  water  than  anj  of  them,  becauie  tho(e  rivers  do  not  lie 
within  the  limits  of  the  periodical  rains 

Tl.c  bed  of  theGangesis,  as  may  be  fuppofcd,  very  uiictjual 
in  point  oJi  width.    From  its  hrft  arrival  in  the  plains  at  Hurdc 

•  The  proportional  lengths  of  courfe  of  feme  of  the  moft  noted  rivers  in  the 
world  arc  fticwn  nearly  bj  die  loUnwmg  numbers  t 
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war,  to  the  conflux  of  the  Jumnah  (the  firft  river  of  note  that 
jobs  it)  its  bed  is  generally  from  a  mile  to  a  mile  and  a  quarter 

wide;  and,  compared  vvirh  the  latter  part  of  its  courlc,  tole- 
rably ftraight.  From  hence,  downward,  its  courfe  becomes 
more  winding,  and  its  bed  conlcqucatly  wider*,  till,  having 
alternately  received  the  waters  of  the  Gogra,  Soane,  and  Gun- 
dock,  beitdes  many  fmaller  ftreams,  its  bed  has  attained  its 
fbU  width ;  although,  during  the  remaining  600  miles  of  its 
courfe  it  receives  many  other  piiucipal  flicams.  Witiiiu  this 
fpace  it  is,  in  the  narrowcft  parts  of  its  bed,  half  a  mile  wide, 
and  in  the  widefl,  three  miles  ;  and  that,  in  places  where  00 
iflands  intervene.  The  ilream  within  this  bed  is  always  either 
increaiix^  or  decreafing,  according  to  the  ieafbn.  When  at  its 
lowcft  (which  happens  in  April)  the  principal  channel  varies 
from  400  yards  to  a  mile  and  a  c^uartcr  ;  but  is  commonly  about 
three  quarters  of  a  mile. 

The  Ganges  is  fordable  in  fome  places  above  the  conflux  of 
the  Jumnah,  but  the  navigation  is  never  interrupted.  Beiow 
that,  the  channel  is  of  coniiderable  depth,  for  the  additional 
ftrrams  bring  a  greater  acceilion  of  depth  than  width.  At  500 
miks  irorn  the  fea,  the  channel  is  thirty  feet  deep  when  the 
river  is  at  its  loweft ;  and  it  continues  at  leaft  this  depth  to  the 
fea,  where  the  fudden  expaniion  of  tlie  ftrcam  deprives  it  of  the 
ibrce  neceilary  to  fweep  away  the  bars  of  fand  and  mud  thrown 
acrofs  it  by  the  ftrong  (butherly  winds ;  ib  that  the  principal 
branch  of  the  Ganges  cannot  be  entered  by  large  veflels. 

About  220  miles  from  the  fea  (but  300  reckonii.g  the  Wiiid- 
iugsof  the  river)  commences  the  head  of  the  Delta  of  the 
Ganges,  which  is  conliderably  more  than  twice  the  area  of 
that  of  the  Nile.   The  two  wefternmoft  branches,  named  the 

*  This  will  be  explained  when  the  wmdlng^  of  the  river  are  treated  of. 

N  %  CdiBmbuzar** 
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Coflimbuzar  and  Jellingljy  Rivers,  unite  and  form  what  is 
after^vards  named  the  Hoogly  River,  which  is  the  port  of 
Calcutta,  and  the  only  branch  of  the  Ganges  that  is  coumionly 
navigated  by  (hips  *.  The  Coflimbuzar  River  is  almoft  dry 
from  October  to  May ;  and  the  Jeilinghy  River  (although  a 
ilream  runs  in  it  the  whole  year)  is  in  ibme  years  unnavigable 
during  two  or  three  of  the  dryeft  mouths ;  fo  that  tlic  only 
fubordinatc  branch  of  the  Ganges,  that  is  at  all  times  naviga- 
ble, is  the  Chundnah  River,  which  feparates  ^t  Moddapour^ 
and  terminates  in  the  Hoonngotta. 

That  part  of  the  Delta  bordering  on  the  iea»  is  compoied  of 
a  labyrinth  of  rivers  and  creeks,  aU  of  which  are  (alt,  except 
thofe  that  immediately  communicate  with  the  principal  arm 
of  the  Ganges.  This  tra<5^,  known  by  the  name  of  the 
WoocK,  or  Sunderbunds,  is  in  extent  equal  to  the  principality 
of  Wales ;  and  is  fo  completely  enveloped  in  woods*  and  lo- 
fcfted  with  Tygers,  that  if  any  attempts  have  ever  been  made 
to  clear  it  (as  is  reported)  they  have  lutherto  nrnicarried.  Itj 
iiiinicrous  canals  are  fo  difpofed  as  to  fonn  a  coinplcat  inland 
navigation  throughout  and  acrofs  the  lower  part  of  the  Delta, 
without  either  the  delay  of  going  round  the  head  of  it*  ox  the 
hazard  of  putting  to  (ea.  Here  fait,  in  quantities  equal  to  the 
whole  confumption  of  Bengal  and  its  dependencies*  is  made 

*  The  Hnogly  River,  or  weiVcminoft  bnuich  of  the  Ganges,  hat  t  arack 
deeper  outlet  to  the  fca  than  the  principal  branch.  Probably  thi«  may  be  owrirg  to 
its  precipitating  a  kfs  (juaiitity  of  mud  thaa  the  other;  the  quantify  of  the 
Ganges  water  difciiargcd  here  being  lefs  than  in  the  other  in  the  proportion  of  one 
to  fix.  From  the  difiicultlcs  that  occur  in  navigating  the  entrance  of  the  HonFly 
River,  many  arc  led  to  fiippofe,  that  the  channels  arc  [hallow.  The  diflicultjes, 
however,  arUe  from  bringing  the  fliips  acrois  lonie  ot  the  fand-baul<s,  which  pro- 
}efl  fo  far  into  the  fca,-  that  tlie  chaoael^  betfrccn.them  oaonot  q^ly  be  traced 
from  without.  ' 
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and  tranfported  with  equal  facility :  and  here  alfb  is  found  an 
inexhauftlble  ftore  of  timber  for  bont-bullding.  The  breadth 
of  the  lower  part  of  this  Delta  is  upwards  of  180  miles;  to 
which, .  if  we  add  that  of  the  twp  branches  of  the  river  that 
bound  \tf  we  ihall  have  about  200  miles  for  the  diitance  to 
which  the  Ganges  expands  its  branches  at  ics  jttn^on  with  the, 
iea. 

It  has  been  obfervcci  before,  that  the  coiirfe  of  this  river,  from 
Hutdwar  to  the  fca,  is  through  an  uniform  plain,  or,  at  leaft, 
wliat  appears  fuch  to  the  eye :  for,  the  dediviqr  is  much  tod 
imall  to  he  perceptible.  A  fedtion  of  the  ground^  parallel  to 
ooe  of  its  branches,  in  length  io  miles,  was  taken  by  order  of 
Mr.  HASTINGS  ;  and  it  was  toaiid  to  have  about  nine  inches  de- 
fcent  in  each  mile,  reckoning  in  a  ftraight  line,  and  allowance 
Uing  made  for  the  curvature  of  the  earth.  But  the  windings 
sf  the  river  were  ib  great,  as  to  reduce  the  declivity  on  which 
die  water  ran,  to  lefs  than  four  .inches  per  mile :  and  by  a  com-' 
pariibn  of  the  velocity  of  the  ftream  at  the  place  of  experiment 
with  that  ill  other  pbces,  I  iiavc  no  icafon  to  fuppofe,  that  its 
general  defcent  exceeds  it  *. 

The  medium  rate  of  motion  of  the  Ganges  is  lefs  than  three 
Quks  an  hour  in  the  dry  months*  In  tbe  wet  feafon,  and 
dudng  the  draining  oS  of  the  waters  from  the  inundated  lands, 
the  current  runs  from  five  to  fix  miles  an  hour ;  but  there  are 
inftanccs  of  its  running  fevcn,  and  even  eight  miles,  in  parti- 
cular htuations,  and  under  certain  circumAanccs.    I  have  an 

*  M.  pE  cONDAMiNE  fouod  thc  dcfccnt  of  the  river  Amazons,  in  a  Araight 
cfurfc  of  about  i860  miles,  to  be  about  loao  Fng'ifh  feet,  or  6i  inches  in  3  mi!e. 
u  wx  allow  for  thc  windings,  it  comes  out  nc  u  ly  thc  f:unc  as  thc  Ganqes  (wluch 
wind*  about  mile  in  three,  taking  its  whole  courle  through  tiic  plaius;,^admeiy, 
•*>out  4  iuchc&  ia  a  mile. 

experiment 
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experiment  ot  my  own  on  record,  in  which  my  boat  was  car- 
ried 56  miles  ia  eight  hours ;  and  that  againft  fo  ibbng  a  wind, 
that  the  boat  had  evidently  no  progrelHve  motion  through  the, 

water.  • 
• 

When  we  confider,  that  the  velocity  of  the  ftream  is  three 
miles  in  one  ieafon,  and  five  or  more  in  the  other,  on  the  fame 
defcent  of  ibur  inches  per  mile  ;  and,  that  the  motion  of  the 
inundation  is  only  half  a  mile  per  hour,  on  a  much  greater 
defcent ;  no  further  proof  is  required  how  fmaU  the  proportion 
of  velocity  is,  that  the  deficent  communicates.  It  is  then,  to 
the  impetus  oiiguiating  at  the  fpring  head,  or  at  the  place 
where  adventitious  waters  arc  poured  in,  and  fuccellively  com- 
municated to  every  part  of  the  ilream,  that  we  are  principally 
to  attribute  the  velocity,  which  is  greater  or  lefler,  according  to 
the  quantity  of  water  poured  in. 

In  common,  there  is  found  on  one  fide  of  the  river  an  almoft 
perpendicular  bank,  more  or  lefs  elevated  al^jvc  the  ftrcnm, 
according  to  the  fenfon,  and  with  deep  water  near  it :  and  on 
>  the  oppofite  fide  a  bank,  (helving  away  fo  gradually  as  to  occa- 
iion  fliallow  water  at  fome  ^ftance  from  the  margin.  This  is 
more  particularly  the  cafe  in  the  moft  winding  parts  of  the 
river,  bccaufe  the  very  opecation  of  winding  ])roduces  the 
fteep  and  fheh  iiig  banks  *  :  for  the  current  is  always  ftrongcll: 
on  the  external  lide  of  the  curve  formed  by  the  ferpentine 
courie  of  the  river;  and  its  continual  adion  on  the  banks 

*  Hence  it  is,  that  the  fedtion  of  a  river,  that  winds  through  a  loofe  foil, 
approaches  nearly  to  an  obtnfc  ani,'led-trinnf;le,  one  of  whofe  fides  is  exceedinglf 
ihoit  and  difproportioned  to  the  other  two  .    But  when  a  river  pcrirvcres  in 

a  ftrai^ht  courfe,  the  fe^on  becomet  oeiirly  the  half  Ojf  an  eilipfis  divided 
)  jngitucinall/ 

either 
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either  undermines  them  *,  or  wafhes  them  down.    In  places 
where  the  current  is  remarkably  rapid,  or  the  foil  uncom- 
monly loole»  fuch  tra^s  of  land  are  fwept  away  in  the  courie 
of  one  fealbn,  as  would  aftonilh  thofe  who  have  not  been  eya^ 
vntnefies  to  the  magnitude  and  force  of  the  mighty  flix  in^ 
occafioncd  by  the  periodical  rains  of  the  tropical  regions.   1  iiii 
neceflarily  produces  a  gradual  change  in  the  courfe  of  the  river; 
what  is  loft  on  one  fide  being  gained  on  the  other,  by  the  mere 
opetation  of  the  ftream :  for  the  fallen  pieces  of  the  bank  diA 
iblve  <|uickly  into  muddy  fand,  which  is  hurried  away  by  the 
current  along  the  border  of  the  channel  to  the  point  nom 
whence  the  river  turns  off  to  form  the  next  reach,  where  tlic 
ftream  growing  weak,  it  finds  a  rcfting  place,  and  helps  to  form 
a  delving  bank,  which  commences  at  the  point,  and  extends 
dofwnwards,  along  theiide  of  the  fucceeding  reach. 

To  account  for  the  flacknefs  of  the  current  at  the  point,  it 
isneceffary  to  obferve,  that  the  ftrongeft  part  ot  it,  inltcad  of 
turning  ihori  round  the  point,  prefcrves  for  fome  time  the  direc- 
tion given  it  by  the  laft  Ifeep  bank,  and  is  accordingly  thrown 
obliquely  acrofs  the  bed  of  the  river  to  the  bay  on  the  oppofite 
^  and  poifues  its  courfe  along  it,  till  the  intervention  of 
another  point  again  obliges  it  to  change  (Idcs. 

In  thofe  few  parts  of  the  river  that  are  Aralght,  the  banks 
undergo  the  leaft  alteration  f,  as  the  current  runs  parallel  to 

*  In  die  diy  (uton  fome  of  thefe  banlcc  are  more  than  30  feet  high,  ar.4  often 
6D  dovn  in  |necel  of  man^  tew  weight,  and  occafion  fo  fudden  and  "violent  an 
*pHfAia  of  the  water,  ai  fometivei  to  fink  large  boat*  that  happen  to  be  near 
dielhofe. 

t  It  u  more  than  probable,  that  the  ftraight  parti  owe  their  exifience  to  the 
taudtf  of  the '  foil  of  which  their  banks  are  conspofed.  Whatever  the  eaufe 
iMf  be,  the  tIMt  verjr  clearly  point*  out  fnch  fituatious  as  the  propereft  for 
ftacios  towns  in. 

them ; 


^6  Mtr,  kflwiieLL^s  Aeetmnt  of  the  ' 

them  I  but  the  leafl  infle(5lion  of  courfe  has  the  efie^  of  throw- 
ing the  current  againii  the  bank ;  and  if  this  happens  in  a  part 
where  the  foil  ia  compofed  of  looie  laud^  k  prodtoQes  ki  time  » 
ierpentine  winding. 

It  is  evident,  that  the  repeated  additions  made  to  the  (helving 
bank  before  mentioned,  become  in  time  an  encroachment  on 
the  channel  of  the  river;  and  tliis  is  again  counter-balanced  by 
the  depredations  made  on  the  oppofitfr  fteep  bank,  the  frag^ 
ments  of  which,  either  bring  about  a  repetttioit  of  the  cireum- 
fiances  above  redted,  or  form  abank  or  (hallow  in  the  midft  of 
the  channel.  Thus  a  fteep  and  a  fhelving  bank  are  alternately 
formed  in  the  crooked  parts  of  the  river  (the  fteep  one  being 
the  indeiiUd  fide,  and  the  fhelving  one  the  proje&ingj;  and 
thu$»  a  continual  fluctuation  of  courle-  is  induced  iii  all  the 
winding  parts  of  the  river;  each  meander  having  a  perpetm^ 
tendency  to  deviate  more  and  more  from  the  line- of  the  general 
com  Ic  of  tlie  river,  by  eating  deeper  into  the  b:ivs,  and  at  the 
fame  time  adding  to  the  points,  till  either  the  oppofite  bays 
meet,  or  the  ihream  breaks  through  the  narrow  iilhmuv  wb^ 
rotbres  a  temporary  ilraightneisto  the  channel. 

Several  of  the  windmgs  of  the  Ganges*  and  ks  6cattche»«fe 
faft  approachhigtO'thisilate;  and  in  others,  it  afhialfy  extfRb  nf 
prefent.  Tlie  experience  of  thefe  changes  fhould  operate  agriiti ft 
attempting  canals  of  any  length,  in  the  higticr  parts  of  the 
coimtiyj  and  i  much  doubt,  if  any  in  the  lower  parts  would 
long  continue  navigable.  During.eleven  jeafs-of  mf  lefidsnos 
in  Bengal,  the  outlet  or  head  of  the  Jellinghy  Rtvek*  was  gr*- 
dually  removed  three  quarters  of  a  mile  farther  down  :  and  by 
two  furveys  of  a  part  of  the  adjacent  bank  of  the  Ganges, 
taken  about  the  diftance  of  nmc  y^ars  from  each  other,  it  ap« 
peared  that  the  breadth  of  an  Engliih  mile  and  a  half  had  been 

taken 
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taken  away.  This  is,  however,  the  moil;  rapid  change  that  I 
have  noticed ;  a  mile  in  ten  or  twelve  years  being  the  uilial 

rate  of  incruachment,  in  places  where  the  current  ftrikes  with 
the  greateft  force,  namely,  where  two  adjoining  reaches  ap- 
proach neareil  to  a  right  angle.  In  iuch  lituations  it  not  unfre- 
qaently  excavates  gulfs  *  of  coniiderabk  length  within  the 
bank.  Thefe  gulfs  are  in  the  direction  of  the  flronge{>  parts  of 
the  ftream ;  and  are,  in  faft,  the  young  Jhoots  (if  I  may  fo  exprcfs 
myfelf  j  which  hi  time  ftrike  out  and  become  branches  of  the 
river ;  for  we  generally  iiod  them  at  thofe  turnings  that  have 
the  iinaliefl  angles  f  • 

Two  cauies,  widely  di&rent  from  each  other;  occafion  the 
meandering  courfes  of  rivers ;  the  one,  the  irregularity  of  the 
grouLid  tiirough  which  they  run,  whicli  obliges  them  to 
wander  in  queft  of  a  declivity  ;  the  other,  the  loofenefs  of 
the  foil,  which  yields  to  the  fridtion  of  the  border  of  the 
ftiesm.  The  meanders  in  the  firft  caie,  are«  of  courier  as 
d^gvdfive  and  irregular*  as  the  iiirface  thejr  are  projedied 
OH!  but,  in  the  latter,  they  are  fo  iar  .reducible  to  rule, 
that  rivers  of  unequal  hulk  will,  under  fimllar  circumAances, 
take  a  circuit  to  wind  in,  whofe  extent  is  in  proportion 
Is  their  refpe£Uve  breadths;  for  X  have  obierved,  that 

*  The  CouDt  DE  BtrrFOK  advifes  the  digging  of  fuch  coilfs  in  the  banks  of 
orc^iiacy  rivers,  with  a  view  to  divert  the  curreat,  when  bridj^e*  or  other  build- 

ing5  are  endangered  bj*  it. 

♦  The  courfes  of  rhcfe  branches  at  the  efiiux,  generally,  if  not  always,  become 
refrograck-  to  the  courle  oi  the  river  :  for,  a  fand  bank  accumulating  at  the  upper 
point  ot  fcpararion,  givcb  an  nbliquc  direftion  upwards,  to  the  ftream,  which  would 
othcrwife  run  out  at  right  angics.  This  fand  hank  L>cing  on  the  increafc, 
occ.ifions  acorrofion  of  rhe  oppotitc  bank  ;  and  by  this  means  nil,  ci  mn\\  of  the 
cu  .cts  have  a  progrcifivc  motion  downwards  j  as  I  have  be£»re  rentarkcd  of  the 
jdimghy  River,  in  the  foregoing  pa^. 
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when  a  branch  of  the  Ganges  is  fallen  lb  low  as  to  occupy 
only  a  part  of  its  bed,  it  no  longer  cotitinues  iii  the  line  of  its 
old  courie ;  but  works  itielf  a  new  channel,  which  winds  from 
'  fide  to  ikic  acrofs  the  former  one.  I  have  oblcrved  too,  that  in 
■  two  ftreams,  of  equal  fize,  that  which  has  the  flowcH:  cur- 
rent has  alfo  the  fnaalleft  whidhigs  :  for  as  thefe  (in  tlie  p relent 
cafe)  are  fblely  owing  to  the  depredations  made  on  the  banks 
by  the  force  of  the  current;  fo  the  extent  of  thefe  depreda- 
tions, or,  in  other  words,  the  dimenfions  of  the  winduigs,  will 
be  determined  by  the  degree  of  force  acting  on  the  banks. 

The  windings  of  the  Ganges  in  the  plains,  are,  doubtlefs, 
omng  to  the  loofenefs  of  the  foil :  and  (I  think)  the  proof  of 
it  is,  that  they  are  perpetually  changing;  which  thofe,  origi* 
nally  induced  by  an  inequality  of  furface,  can  ieldom^  or  never 
do*.  :  :  : 

I  can  eafily  fuppofe,  that  if  the  Ganges  was  turned  into  a 
Araight  canal,  cut  through  the  ground  it  now  travcrfes  in  the 
-  moft  winding-  parts  of  its  courfe,  its  ftraightncfs  would  be 
'  of  fliort  duration.  Some  yielding  part  of  the  bank,  or  that 
which  happened  to  be  the  moft  ftrongly  afted  on,  would  firft 
be  corroded  or  diflblved :  thus  a  bay  or  cavity  would  be  formed 
in  the  fide  of  the  bank.  This  begets  an  inflexion  of  the  cur- 
rent,  which,  falling  obliquely  on  the  fide  of  the  bay,  corrodes 
it  incefiantly-  When  t^e  current  has  pafled  the  iiinermoft 
part  of  the  bay,  it  receives  a  new  diredion,  and  is  thrown 

•  It  bu  been  icanrked,  that  tbe  cooHcs  of  rivers  become  more  winding  as 
tbcf  approach  th«  •  Thi^  I  believe,  will  only  hold  good  in  fiich  as  take  th« 
latter  part  of  ,theirj*M»le  through     fandy  foil.  In  the  Ganges,  and  other  rivers 

fuBjed  to  oonWen^V*^*™^'^"' ^^^"^  ^"^^  marks  of 

the  vicinity  of  the  fea-are,  the  lowncfa  of  the  river  bank«,  and  the  iacrea£uig 
ipwddineliof  theihalU^wiin  iiabed,  ,  , 

(y      *  -    •  opu^ucly 
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obliquely  towards  the  oppofite  fide  of  the  caiial,  depofitltig  in 
its  way  the  matter  excavated  from  the  bay,  and  w  hich  begins 
to  form  allialJow  or  bank  contiguous  to  the  border  of  the  canal. 
Here  then  is  the  origin  of  fucli  windings  as  owe  their  exigence 
to  the  nature  of  the  fbil.  The  bay,  fo  corroded,  in  time  be- 
comes large  enough  to  give  a  fiew  dire6kion  to  the  body  of  the 
canal :  and  the  matter  excavated  from  the  bay  is  fo  dii poled  as 
to  alliil  ill  throwing  the  current  again fl:  tlic  oppoiite  bank, 
where  a  procels,  fimilar  to  that  i  have  been  defcribing,  will  be 
begun. 

The  a^ion  of  the  current  on  the  hank  wiU  alio  have  the  * 
efFeftof  deepening  the  border  of  the  channel  ntfarjt;  and  tliis 
agam  iiicrcafcs  the  velocity  oi  the  current  In  that  part.  Thqa^ 
would  the  caiul  gradually  take  a  new  form,  till  it  became  what, 
the  liver  now  is.    Even  when  the  windings  have  lelTened  the 
defcentone  half,  we  ftill  find  the  current  too  powerful  for  the 
banks  to  withftand  it. 

There  are  not  wanting  mftances  of  a  total  change  of  couj  fe 
ill  fomc  of  the  Bengal  rivers*.  The  Cofa  River  (eqiKil  to  tlie 
Rhine)  once  ran  by  Purneah,  and  joined  the  Ganges  oppoiite 
RajemaL  Its  junction  is  now  45  miles  higher  up.  Gour^  the 
iDQeDt  capital  of  Bengal,  flood  on  the  banks  of  the  Ganges* 

Appearances  favour  very  fbongly  the  opinion,  that  the 
Ganges  had  its  fonner  bed  m  the  tradt  now  occupiecl  by  the 
iiikcs  nnd  niornffes  between  Nat  tore  and  Jnffiergunge,  fir  iking 
out  of  its  prefeut  courfe  at  Bauleah,  and  palling  by  Pootyah. 
With  an  equal  degree  of  probability  (favoured  by  tradidon)  we 
may  trace  its  fuppofed  courfe  by  Dacca,  to  a  junction  with  the 
fiorrampoocer  or  Megna  near  Fringybazar ;  where  the  aocumu- 

*  The  Mootyjyl  lake  ii  odc  of  the  w'mdingB  of  a  fbriaer  channet  of  the  Cof- 
inbiaar  Hirer* 
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lation  of  two  fuch  mighty  ftreams  probably  fcooped  out  th& 
prefent  amazing  bed  of  the  Megna*. 

In  tracing  the  fea  coaft  of  the  Delta,  we  find  no  lefs  than 
dght  openings ;  each  of  which,  without  hefitatton^  one  pro- 
nounces to  have  been  m  its  time  the  principal  nuHith  of  th^ 
Ganges.  Nor  is  the  occafional  dcviatuHi  of  the  pniicipal  braiich, 
probably,  the  only  caufe  of  iiu£tuatioii  in  the  dinieulionb  of  the 
Delta.  One  obferves,  that  the  Deltas  of  capital  rivers  (the 
tfopioal  ones  particuladiy)  eneioach  upon  the  iea.  Now,  h 
not  this  owing  to  the  mud  and  (and  brought  down  by  the  rivers^ 
and  gradually  depofited^  from  the  remoteft  ages  down  to  the 
prelent  time  ?  The  rivers,  wc  know,  are  loaded  with  mud  aad 
hud  at  their  entrance  into  the  iea ;  and  we  alio  know,  tliat  the 
iea  lecovers  it»  tranijpttitDCy  at  the  diAance  of  twenty  leagues 
from  the  ooaft;  which  can  only  ariie  kom  the  waters  having 
precipitated  their  earthy  partides  within  that  fpice*  The  £inJ 
and  mud  banks  at  tlu^  time,  extend  twenty  miles  off  ibme  of 
theiflands  in  the  manths  of  the  Ganges  and  Burrampooter  ;  and 
m  many  pUoes-  rile  within  a  few  feet  of  the  furface.  Some 
Ibtuie  gjcnetatkm  wili  probably  fee  theie  banks  rife  above  water» 
and  fikceeding  onea  pofiefs  and  cultivate  them  I  Next  to  earth- 
qndces,  perhaps  the  floods  of  the  tmpical  rivers  produce  the 
quickeft  alterations  In  the  iicc  of  our  globe.  Extenfivc  iflands 
are  formed  in  the  channel  of  the  Ganges,  during  a  period  far 
ihort  of  that  oi  a  man*^s  lile ;  fo  that  the  whole  procefs  lies 

*  Megna  and  Burrampooter  are  Minet  belongpng  to  the  fkme  river  ia  dUfereat 
fortt  of  it*  coufie.  The  Megna  iaile  into  the  Burrampooter  ;  and,  thmsh  «  imich 
Iniallcf  liter^  amanrnktm  its  ■smc  tn  His  «tlicr  dnrinf  ths.  seft  of  iia 
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within  the  compafs  of  his  obfervation  *.    Some  of  thefe  iflands, 
four  or  five  miles  in  extent*  are  formed  at  the  angular  turnings 
of  the  river,  and  were  originally  large  fand  banks  thrown  up 
nrnnd  the  points  (in  the  manner  before  deicribed)  but  after* 
wards  infulated  by  breaches  of  the  river.   Others  are  formed 
in  the  ^lraight  parts  of  the  river,  and  in  the  middle  of  the 
ftream;  and  owe  their  origin  to  fome  obftru6:ion  lurking  at  the 
boonai.    Whether  this  be  the  fragments  of  the  river  bank ;  a 
hi^ tree fWept down fifom it ;  or afunken boat;  itisfufficieiit. 
ix  a  foonc^tion :  and  a  heap  of  (and  is  quickly  colleded  below 
it  This  accumubtes  amazingly  fa(V  t  in  the  courfeof  a  few 
years  it  peeps  above  water,  and  liaving  now  ufurped  a  confi- 
(ierabk  portion  of  the  channel,  the  river  borrows  on  each  lide 
to  fuppky  the  deficiency  in  its  bed ;  and  in  fiich  parts  of  the 
liver  we  always  find  Aeep  banks  on  both  fides  f  •   Each  period!-  - 
cai  ffeed  brings  an  addition  of  matter  to  this  growing  ifland ; 
Jiicreafing  it  in  height  as  well  asexteniion,  until  its  top  is  per- 
fectly on  a  kvd  with  the  banks  that  include  it :  and  at  that 
period  of  its  growth  it  has  mould  enough  on  it  for  the  pur* 
poles  of  cuhivation,  which  is  owing  to  the  mud  left  on  it  when 
d»watei8  iiibfide,  and  is  indeed  a  part  of  the  eeconomy  which 
•ature  obferree  in  fertilizing  the  lands  in  general. 

Whilft  the  river  is  foi  ining  new  iilands  in  one  part,  it  is 
firceping  away  old  ones  in  other  parts.  In  the  progrefs  of  this 
deihu£Uve  operation,  we  have  opportunities  of  obierving,  by 
means  of  the  fe^ns  of  the  falling  bank»  the  regular  diflri* 

*  A«coffdb|^,  the  hwt  ieipe£tiiig  alluvioa  are  aibcrtaiiied  wkh  gftftt  pfc-, 

ttfiORa 

f  Thb  evtdeatljr  ptNiiti  out  the  means  for  pfeventing  encroachments  on  a 
mer  bank  in  the  fltaig^  pattt  of  itt  coniic,  m  to  leonove  the  Ifaallowt  in  the 
■iddleolitacbanneU 
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button  of  the  feveral  ft  rata  of  fand  and  earths,  lying  above 
one  another  In  the  order  in  which  they  decreafe  in  gravity.  As 
they  can  only  owe  this  difpoiition  to  the  agency  of  the  flream 
that  depoiited  them,  it  would  appear,  that  thefe  fubflances  m 
fufpended  at  difierent  heights  m  the  ilreaiii,  according  to  their 
refpcftive  g^ravities.  We  never  find  a  ftratum  of  earth  under 
one  of  laiiu  ;  far  the  niuUdy  particles  float  ncareil:  the  furface*. 
I  have  counted  feven  diftinct  ftrata  in  a  lection  of  one  of  thefe 
iflands.  Indeed,  not  only  the  iflands,  but  moft  of  the  river 
banks  wear  the  ikme  appearance :  for  as  the.  river  is  always 
changing  its  prefent  bed,  and  verging  towards  the  iite  of  fonoe 
former  one  now  obliterated,  this  muft  necedarily  be  the  cafe. 

As  a  ftrong  prelumptive  proof  of  the  wandering  of  the 
Ganges  from  the  one  lide  of  the  Delta  to  the  other,  1  muH:  ob- 
ferve,  that  there  is  no  appearance  of  virgin  earth  between  the 
Tiperah  Hills  on  the  eaft,  and  the  province  of  Burdwan  on  the 
weft ;  nor  on  the  north  till  we  arrive  at  Dacca  and  Bauleah. 
In  all  the  fcdlions  of  the  numerous  creeks  and  rivers  in  the 
Delta,  nothing  appears  but  fand  and  black  mould  in  regular 
ftrata,  till  we  arrive  at  the  clay  that  forms  the  lower  part  of 
their  beds.  There  is  not  any  fubftance  fo  coarie  as  gravel 
either  in  the  Delta  or  nearer  the  fea  than  400  miles  f ,  where  a 
Tocky  point,  a  psut  of  the  bafe  of  the  neighbouring  hills,  pro- 
jtclb  into  the  river:  but  out  of  the  vicinity  t)f  tlie  great  rivers 
the  foil  is  either  red,  yellow,  or  of  a  deep  brown. 

*  A  glafs  of  water  taken  out  of  the  Ganges,  when  at  its  height,  yields  about 
one  part  4n  four  of  mud.  No  wonder  then  that  the  fubfiding  waters  ihould 
quickly  form  a  iirauim  of  earth  j  or  that  tfacDciu  ihould  enccoach  upon  the 
iea! 

t  At  OudanuUa. 
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I  come  now  to  the  paiticalars  of  the  annual  dwelling  and 
overflowing  of*  the  Ganges  *• 

It  appeal  J  Co  owe  its  increafc  as  mucli  to  the  ram  water  that 
ftlls  ill  the  niountains  contiguous  to  its  fource,  and  to  the 
Iburces  of  the  great  northern  rivers  that  fall  into  it,  as  to  that 
which  falls  in  the  plains  of  Hindoofbn ;  for  it  rties  £fteen  feet 
and  a  half  out  of  thirty-two  (the  fum  total  of  its  riiing)  by  the 
latterend  of  June :  and  it  is  well  known,  that  the  rainy  (eafon 
docs  not  hcgin  in  nwi\.  ot  the  flat  couturlc:,  till  about  that  time. 
In  the  mountains  it  begins  early  in  f  April ;  and  by  the  latter 
ead  of  that  month,  when  the  rain-water  has  reached  Bengal, 
the  rivers  begin  to  rife,  but  by  very  (low  degrees ;  £6r  the  in- 
cieaie  b  only  about  an  inch  fer  day  for  the  firft  fortnight.  It 
then  gradually  augments  to  two -and  three  inches  before  any 

*  An  opinion  has  long  prevailed,  that  the  dwelling  of  the  Ganges,  previoiM  to 
the  eommencemcnt  of  the  rainy  fealbo  in  the  flat  eonntriei,  it  in  a  great  tneafure 
owing  to  the  melting  of  tlie  fnow  in  the  motutaini.  I  will  not  gofo  far  as  total!/ 
to  dUalloir  the  h&;  but  can  b/  no  tneani  foppofe,  that  the  quantity  of  fooir 
water  bean  aiiy  proportion  to  the  increale  of  the  river.  ' 

t  The  vafi  eoUedioa  of  vapoun,  wafted  from  the  fea  by  the  foutherly  or 
Mi«weft  monlbon,  are  fuddeoly  ftopped  by  the  lof^  ridge  of  mountainathat  nini 
from  eaft  to  weft  through  Thibet.  It  u  obvious,  that  the  aceuroufotion  and  con* 
dea&ttoo  of  thefis  Tapouri,  maft  firft  happen  in  the  neighbourhood  of  the  obfthde ; 
and  ftcceffively  in  placca  more  remote,  as  frefli  fuppliei  arrive  10  fill  the  atmo- 
fpbcK*  Hence  the  priori^  of  commenccment  of  the  rainy  iSsaibn  in  places  that 
lie  neareft  the  mountains. 

All  the  rivers  that  are  fitnated  within  the  limits  of  the  monfooas,  or  (hifting 
tiade  winds,  arc  fubjed  to  overflowings  at  annually  dated  periods,  like  the 
Ganges :  and  thcfe  periods  rettirn  during  the  feafon  of  the  foutherly  wind,  that 
being  the  only  wind  which  brings  vapours  from  the  fea ;  and  this  being  periodical, 
tlw;  falls  of  rain  muft  ncccfiarily  be  fo  too. ' 

The  northerly  wind,  which  blows  only  over  the  land,  is  dry  j  for  no  rain 
(except  cafoal  ihowers)  falls  during  the  continuance  of  that  moi^ooo. 

quantity 
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quaatity  of  raiii  fails  io  the  flat  countries ;  andwheathe  rain 
becomes  general,  the  increafe  on  a  mectium  is  five  inches  fir 

-day.  By  the  latter  end  of  July  all  the  lower  parts  of  Bengal, 
^contiguous  to  the  Ganges  and  Burrampootcr,  are  overflowed, 
and  form  an  inundation  of  more  than  a  hundred  miles  in  width ; 
nothing  appearing  but  villages  and  trees,  exceptbg  veiy  rarely 
the  top  of  an  elevated  Ipot  (die  artificial  mound  of  ibme  de- 
fcrted  village)  appearing  like  an  ifland. 

The  inundations  in  Bengal  differ  from  thofe  in  Egypt  in  this 
particular,  that  the  Nile  owes  its  floods  entirely  to  the  rain« 
water  that  falls  in  the  mountains  near  its  fource ;  but  the  inun- 
ctions in  Bengal  are  as  much  occafioned  by  the  rain  that  falls 
Jthere,  as  by  the  waters  of  the  Ganges ;  and  as  a  proof  of  it,  the 
lands  in  general  are  overflowed  to  a  confiderable  height  long 
before  the  bed  of  the  river  is  filled.  •  It  muft  be  remarked,  that 
^e  ground  adjacent  to  the  river  bank,  to  tlie  extent  of  feme 
miles,  is  conflderably  higher  than  the  reft  of  the  ooontiy^y 
and  ferves  to  feparate  the  waters  of  thq  inundation  fmm  tholb 
of  the  river  undl  it  overflows.  This  high  ground  is  in  fofne 
feafons  covered  a  foot  or  more  ;  but  the  height  of  the  inunda- 
tion within,  varies,  of  courfe,  according  to  the  irregularities  of 
the  ground,  and  is  in  fome  places  twelve  feet. 

Even  when  the  inundation  becomes  general,  the  river  flill 
fhews  itfeify  as  well  by  the  grafs  and  reeds  on  its  banks,  as  by 
its  rapid  and  muddy  flream ;  fl>r  the  water  of  the  inundation  i 
acquires  a  biackilh  hue,  by  havmg  been  fo  long  ftagnaut 

*  ThU  property  of  the  bank  it  well  accounted  for  by  Count  bupfon,  vbo 
impute*  it  to  the  precipitatioo  of  mud  made  by  the  wttMi  of  the  river,  when  it 
overflows.  The  iiimidation,  fays  he,  purifies  itfelf  aa  it  flowa  over  the  plain ;  b 
that  the  precipitatiw  miifi  be  gicateft  ob  ffee  pvti  neaitft  lo  die  flierg^  of  the  , 
fiver, 
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amongft  grafs  and  oth«r  vegetables :  nor  does  it  ever  lofethif  • 
tiage»  which  is  a  proof  of  the  predomuiancjr  of  the  rainwater 
over  that  of .  the  nver ;  a&  the  ^flow  rate  of  nation  of  the  ^im« . 
datton  (which  does  not  exiceed  half  a  mile  /fr  hpyr)  is  of  tlie 
remarkable  flatncfs  of  the  country. 

There  are  particular  tra£ks  of  land,  whicii,  from  the  nature 
of  their  culture*  and  fpeqies  of  productions,  require  le{s  nioiA 
ture  than  others ;  and.  jpet»  .)^,(|he  lownefs  of  their  fituation^ 
would  remain  too  long  inund^Ki^ir  ^7  ^  guarded  by 
&ES  or  dams,  irom  ft  copious  an  inundation  as  would  other- 
wife  happen  from  the  great  elevation  of  thefurfhce  of  tlie  river 
above  them.  Thefe  di^e^  are  kept  up  at^  an  enormous  expence ; 
and  yet  do  oatkilw^ys  fucceed/  IbrjWant  of  ^nacitjr  in  the  foil 
of  wi4chtbe]raKe:9om{K^. 

Dttiing  the.  fwpibi  of  the.  riirer,  the  tide  totally  lo&s  its 
cfled  of  countera£l:ing  the  ftream  ;  and  in  a  great  meafurc  that 
of  ebbing  nnd  flowing,  except  very  near  the  fea.  It  is  not  un- 
coBuoQa^r  a  ilrong  wind^  th^  blows  up  the  river  for  any  con- 
dnuance,  to  fwell  the  waters  two  feet  above  the  ordinary  level 
at  that  ieaibn:  and  fuch  accidents  have  occaiioned  the  lofs  of 
whole  crops  of  rice*.  A  very  tragical  event  happened  at 
Luckipour  +  in  1 763,  by  a  f^roiig  gale  of  wind  confpiring  with 
a  Ijigli  fpring  tide,  at  a  feafbn  wlien  the  periodical  flood  was 
witlun  a  foot  and  half  of  its  higheft  pitch.  It  is  faid  that  the 
waters  lofe  fix  feet  above  the  orduury  level.   CertaiQ  it  is,  that 

*  Thtt  ric«  I  fpeak  of  it  of  a  particular  kind  ;  for  the  growth  of  its  flalk 
keeps  paoe  with  the  increafc  of  tke  flood  at  ordinary  time?,  but  is  dcftroyed  byn 

toofudden  rife  of  the  water.    The  harvcft  ?s  often  reaped  in  bor^ts.    There  is  alio 
a  kind  of  grafs  which  overtops  the  flooc!  m  t!u;  lainc  manner^  a^d  at  a  IkoaU 
di^bmcehas  the  appearnnee  of  n  field  of  the  nchell  verdure, 
f  This  place  is  lituatcd  about  &iiy  rr^les  from  the  Tea* 

Voii^LXXL  ie  ,  the 


Id6  Mr,  RSNSELL*s  Atcoml  of  the  '  ' 

tbeinhabttants  of  a  coofideFable  dlftrid»  witk  their  houfes  and 
Catde,  wen  totally  iwepe  away  \  and,  to-  aggravate  tlidr  dif- 
trefsy  k  happened  in  a  part  of  the  country  which  fcarce  pnK 

duces  a  fingle  tree  for  a  drowning  man  to  efcape  to. 

Embarkations  of  every  kind  traveife  the  inundation  :  thofe 
bound  upwards,  availing  themfeives  of  a  direct  couxfe  and  liiil 
water^  at  a  fearon  when  every  {beam  mflies  like  a  torrents  The*. 
wind  too,  whidi  at  this  feafon  blows  fegiiltjtfy  from  the  iboth* 
caft  *,  favours  their  progrefej  kiibiniKh»  that  a  Voyage,  which 
takes  up  iiKie  or  ten  days  by  the  cottrfe  of  the  river  when  con- 
fined within  Its  banks,  is  now  effeded  in  fix.  Hufbandry  and 
grazing  are  both  fufpended^  and  the  peafant  traveries-  in  hia 
boat,  riiofe  fidds  wluch  in  another  ibafon  he  wto  wont  ta 
plow;  happy  that  the  devated  fitc-  of  the  nm  baofca  place 
the  herbage  thej  contam,  iidthin  hk  reach^  othnwMb  hia  catt&» 
mud  periflu 

The  following  is  a  tabte  of  the  gjradual  incretfe  of  the 
Ganges  and  its  branches^  according  to  obicrvaUAiL^  made-  at 
jeilinghy  and  Dacca^ 

'  At  Jctiia^y*  At  Dacca* 

Ft.  Inw  .  Ft.  In.  . 

InMayitrofe         •         6   a  24 
June      •       »      •      9   6  4  ^ 

jujy    •»    -    •    12  d  56 

In  the  fiiil  half  of  Augtifl     40  i  1 1 

ja   o  ,  »4  a 


*  AlthMgh  la  the  golf  or  toy  of  Bengal  4be  moofoon  h\om  Qw»die  S.S.W. 
and  S.W.  jpet  Sb  the  eaileni  and  novtbem  jarta  of  Bengal  It  Moirt  ftoA  the  $.E. 
cr  EiS.Ea 
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Thcfe  obfcfvations  were  made  in  a  Icaion,  when  the  watcrg 
cofe  rather  higher  than  uiual;  To  that  weiiuyr  take  ji  feet  for 
themedltfmof  thj^iocrqafe.  , 

The  iimii4atm  jpifarly  at. «  ftand  for  ibme  days  preceding 
the  middle  of  Auguft,  when  it  begins  to  nmoflF;  for  although 
great  quantities  uf  ralu  fall  in  the  flat  countries,  during  Auguil: 
and  September,  yet,  by  a  partial  ceilation  of  the  rams  in  |he 
iD0ttotaio8»  there  happens  a  deficiency  in  the  fupplles  neceflary 
to  ^qp^up  J;he.Miua4atioa*^  The  quantity  of  the  daily 
eieafe  :af  'the  river  is  nearly  in  the  following  proportion : 
during  the  latter  half  of  Augud,  and  idl  September,  from 
.  three  to  four  inches  ;  from  September  to  the  end  of  November, 
it  gradually  Miens  from  three  inches  to  an  inch  and  a  half; 
and  &om  November  to  the  latter  end  of  Aprils  it  is  only  half 
an  'wSafer  ilay  jat  a  medium.  Thefe  proportions  muft  be  uh- 
defflood  to  idatfr  to  iuch  parts  of  the  river  as  are  removed 
from  the  influence  of  the  tides  5  of  which  more  wiU  be  faid 
by  and  by.  The  decreafe  of  tlic  inuiidation  does  not  alwavs 
ieep  pace  with  that  of  the  river,  by  reafon  of  the  height  of 
tfa(K  banks ;  but  after  the  beg^ining  of  0£lober,  when  the  nun 
has  nearly  ceaiedt  the  remainder  of  the  inundation  goes  off  , 
fiickly  by  evaporadon*  leaving  the  lands  highly  manured,  and 
in  a  ftate  fit  to  receive  the  feed,  after  the  fimple  operation  of 
plowing. 

There  is  a  circumfiance  attending  the  increafe  of  the  Ganges, 
and  which,  I  believe,  is  little  known  or  attended  to ;  becaufe 
lew  people  hq^ye  made  experimerit^  on  the  hdights  to  which  the 

*  I  have  ftatcd  the  middle  of  hXigaSt  for  the  period  when  the  ^^ntcrs  begin  to 
nnoff;  and  in  general  it  happenB  wiUi  aaoien^Urity  thaa  the  viciiritudcs  of  the 
knSm  do.  fiat  there  are  exceptioni  to  it  |  for  in  the  jrear  1774  the  rivet*  kej^ 
«^  for  oew  «  month  alter  the  ufual  time* 
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periodical  flood  rifes  In  different  places.  The  circumflance  I 
allude  to,  is,  the  difference  of  the  quantity  of  the  Incrdife  ^ 
exprefled  in  the  foregoing  tgble)  iA  |)lat:^s  itidie  bf  le^  V^inqte 
from  ths  lea*.  It  Is  a  fad,  confirmed  hy  rt^tsXxA  experitnentB,, 

'  that  froin  about' the  place  where  the  tuteicommbnces',  to  the  fea, 
the  height'  oi  tlic  periodical  hxcrealc  diLtiliulhes  gradually,  until 
it  totally  disappears  at  the  point  of  confluence.  Indeed,  this  is 
|>erfedly  conformable  to  the  known  laws  of  fluids :  the  Oceatt 
preferves  the  fanxe  level  at  .all  feafons  (under  fiinillir-cncilkil- 
Ibuices  Qf^  tide)  and  i^edeflaply  inffdetices  the'  level  all  die 
waters  that  communicate  with  it,  unlefs  precipitited  in  the  form 
of  a  catara£t.  Could  we  fup[K>ie,  for  a  moment,  diat  the  in- 
crcafed  column*  of  water,  of  31  feet  perpendicular,  was  couti- 
nued  all  the  way  to  the  iea,  by  fpme  preternatural  agency: 
whenever  that  agency*  was  removed,  the  head  of  the  ooiuma 
would  dilHife  itielf  over  the  Ocean,  and'  the  remaining  parts- 
would  follow,  from  as  far  back  as  the  influence  of  the  Otean 

*  extended  ;  forming  a  flope,  whofe  perpendicular  height  would 
be  31  feet*  This  is  the  prccife  llatc  in  which  we  find  it.  At 
the  point  of.  jundion  with  the  fea,  the  height  is  the  fame  in 

.  both  feafons  atequal  times  of  the  tide.  At  Lrnckipour  there 
IS  a  dtiierence  of  about  fix  feet  between  the  heights  in  the  dif- 
ferent kalons;  at  Dacca,  and  places' adjacent,  14;  and  near 
Cuftee,  31  feet.  Here  then  is  a  regular  flope  ;  for  the  diftances 

'  between  the  places  bear  a  proportion  to  the  refpcftive  heights. 
This  flope  muft  add, to  the  rapidity  of  the  flream  ;  for,  fbp- 
poiTng  the  defcent  to  have  been  ori^ally  four  inches  per  mile, 
this  will  kicreafe  it  to  about  five  and  an  half.  CuAee  is  about 
140  Hiiics  from  the  fea,  by  the  courfe  of  the  river;  and  the 
furface  of  the  river  there,  duriiig  the  dry  feaion^  is  about  80 
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feet  above  liie  level  of  the  fea  at  high  water*.  Thus  far  does 
the  Ocean  maniieft  its  dominioa  m  both  jeaibas  :•  in  the  one  by 
tlte'  ebbing  and  '  flowing  of  its  tides ;  and  in  the  other  by  de« 

prefling  the  periodical  floods  till  the  furface  of  it  coincides  as- 
nearly  with  its  ow-ii,  as^the  defcent  of  the  cliamiel  of  the  river 
will  admit  +i  . 

Similar  circumfbinoes  taJce  place  in  the  Jelliiighy,  Hoog^». 
and  Burrampooter  Rivers;  and,  I  fuppofe,  in  all  others  that 
arefttbjed  Mthcr*  to^[>eriodical  oroocafionikl  iwelUngs.. 

Not  only  does-  the  flood  diminiih  near  the  Tea,  but  the  river 
banks  diminiih  in  the  fame  proportion  ;  fo  that  in  the  dry  fea- 
fon  the  height  of  the  periodical  flood  may  be  knovvu  by  that 
ef  thebank* 

Fam.  aware  dl^  an  oljefiion'tfaat  may  be  made  to  the  above* 
foluticm ;  which  is,,  tlut  the  lowneis  of  the  banks  in  pbces 

near  the  fea,  is  the  true  reafon  why  the  floods  do  not  attain  fo- 
confiderable  a  height,  as  in  places  farther  removec]  from  it,  and: 
where  the  banks  are  high-;  for  that  the  river,  wanting  ahaiik^ 
tocoa6ieir,.difiufes  itielf.over.thefur&ce  of  thecountry.  In: 

*  The  tides  in  the  "River  Amazons  are  perceptible  at  (too  miles  abovx'itJ 
momh ;  but  a!  an  clcwition  of  only  90  feet,  according  to       I)K  covt>ahi*;e.  It 
rcmaias  to  be   told  \,hat  the  ftaic  of  the  river  was  ;it  the  ti:i:c  of  a. .-.king  the 
cxpcnment ;  iKcaufc  ti'.ala:ul41oo<l»  have  the  c^cct  ul  ihurtcuing  ilic  iiiniis  uf  th«. 
tide's  way.  . 

t  The  Couatpji.  bUFFos  has  flightl)  mentioned  this  circumflance  attending 
Aefreliing  of  rims;  but  in\putca  it  to  the  increalcd  velocity  of  the  cumat,  as  - 
i&e  riVer  appiipacbes  the  le«:  which,  fays  he,  carriet-  off.  the-  int»idatioa<  fi>  • 
^»Kkt  u  t<»>  abate  its.  height.  Now>  (vnth  the  utmoft  deference  to  fo  grjrac  an  • 
twhodtf)  l/could-herrtfii  pereeivc,  that  the  currait,  cither  iii  the  Ganges,  or  any 
Oilier  rirer,  ,wa» .  Aioi^^r  qcar  the  fea  than  at  a  diftaace  from  it.   Even  ir'we 
idaiit  an  acceleration  of  the  current  during  the  ebb  titfSf  the  lltix  retarib  it  ii»  fo  > 
cpn&derahle  a  degree,  at  at  leaft  to  coonter  balan.f  the  cl&Aa.  prodneed  by  the ' 
Hmppraty  iacreafe  of  velocity^ 

aufwejK 
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an(wer  t»  tills,  f^'ftliobinve,  that  it  is  proved  by  experiment, 
that  at  any  giv  en  time,  the  quantity  of  the  increafe  iu  different 
places,  h?ars  a  juft  proportion  to  the  ium  total  of  the  increaie  ' 
an  each  place  respectively :  or,  ia  other  wofde,  that  when  the  ! 
river  hasiifea  three  feet  at  Daoca^  where  the  whole  dfiog  is 
jabont  14  ieet4  k  will  have  idte  upwa^  of  Ijoc  ieet  and  a 
9ialf  at  Cuftee,  whereit  riies  31  leet  in  alL 

The  x^att^  ctf  water  difcharged  by  the  Ganges,  in  orie 
fecond  of  time,  during  the  dry  feafbn,  is  80,000  cubic  feet; 
ibut  ill  the  place  \vhere  tiie  experimeut  was  made,  the  river^ 
•when  full,  has  thrice  the  vohime  of  water  ta  it ;  and  its  mo- 
tioii  is  alio  aooelerated  in  the  propoition  of  $  to  iSn  that  the 
'quantity  diicharged  in  a  feoond  at  that  feafon  is  405,000  cubic 
ieOL  If  we  ti&e  the  mednuxi  die  whole  year  thH)U|;h,  it  will 
ht  nearly  i4{o,ooo  cubic  £set  in  a  fecond. 


THE  Burrampoofter»  which  has  its  fource  from  the  oppofite 
'fide  of  the  fame  mountains  that  g^ve  liie  to  the  Gaqges^  fitft 
'takes  ks  courfe  eaftward  (or  dire^ly  oppoiice  to  diat  of  the 

<5anges)  through  the  country  of  Thibet,  where  it  is  named 
Sanpoo  or  Zanciu,  which  bears  the  (ame  mterpretatioa  as  the 
<jfonga  of  Hindooftan  :  namely,  the  River.  The  courfe  of  it 
through  Thibet,  as  given  by  Father  du  halds,  and  formed 
into  a  map  by  Mr.  s*anvili,e,  diough  fufBciently  exa£k  Ibc 
the  purpoifes  of  .general  gec^phy,  is  not  particular  cnou^  to 
afcertain  the  preciie  length  cf  ks  courie.  After  winduig  wkfa 
a  rapid  current  through  Thibet,  it  waflies  the'borderof  the  ter- 
ritory of  JLafla  (in  whicii  is  the  rcfidciKc  of  the  grand  i-ania) 
and  theu  deviating  from  an  eaft  to  a  fouth-eafl  courfe,  it  ap- 
{uroaches  within  zzo  miles  of  Yunan^  the  we^bromoil  province 
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l»f  China.  Here  it  appears,  as  if  undetermined  whether  ta 
attempt  a  pafiage  to  the  fea  by  the  Oulf  of  Siam,  or  by  that  of 

Bengal ;  but  feemingly  determining  on  the  latter,  it  turns  fud- 
denly  to  the  weft  through  Affam,  and  enters  Bengal  on  the 
nortli-eaft.  I  have  not  been  able  to  learn  the  exa^t  place  where 
it  changes  its  name  ;  but  as  the  people  of  Afiam  call  it  Bur* 
rampoor,  it  would  appear,  that  it  takes  this  name  on  its  enter- 
jilgAflam.  Alter  its  entiyinto  Bengal,  it  makes  a  circuit 
round  the  weftem  point  of  the  Oarrow  Mountains ;  and  then, 
altering  its  courle  to  laudi,  it  meets  tlic  Ganges  about  40  miles 
from  the  Iba. 

Father  Du  halde  exprefles  his  doubts  concerning  the  courie 
that  the  San  poo  takes  after  leaving  Thibet,  and  only  iiippoie* 
ffOBoSkj  that  it  £yis  into  the  gulf  of  Bengal*  M.  d*anvillk, 
Us  gec^gnpher,  mth  great  reafon  fuppoled  the  Sanpoo  and 
Ava  River  to  be  the  fame :  and  in  this  he  was  judtfied  by  the 
Bifermatiou  which  his  materials  afforded  him  :  for  the  Burram- 
pooter  was  reprelented  to  hijn,  as  one  of  the  inferior  ftreams 
tkat  contributed  its  waters  the  Ganges,  and  not  as  its  equal 
^  foperior  ;  and  this  watf  tufficient  to  dired  hiaieiearches,  nfrer 
ihefliQutk  of  the  Sanpoo  River,  to  iome  «ther  quarter*  The 
An  RSwer,  as  well  from  its  bulk,  as  the  bent  of  it»  courie  for 
ftme  hundred  miles  above  its  mouth,  appeared  to  Imn  to  be  a 
contbuation  of  the  river  in  queftioa :  and  it  was  accordingly 
dcicribed  as  fuch  in  his  maps,  the  authority  of  which  wuS' 
juftly  efteemed  as  cleciiive;  and,  till  the  year  1765,  tise  Bux- 
rampooter,  as  a  capital  riv^r,  was  unknown  in  Europe* 

On  tradog  this  river  m  1765,1  was  noiefs-iturpnaed^atHnd- 
ug  it  rariicr  larger  than  the  Ganges,  than  at  its  courie  psevious 
ta  its  entering  Bengal.  This  I  found  to  be  firoiBr  the  eaft  ^ 
shhough  all  tlic  former  accounts  reprciented  it  as  (tarn  the 
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aic>rai'  :  .  ati2l  tM^  titiex))i6ded  difboreiy  fbon  led  to  enqiilrlcs, 
•which  feifciliicd  me  wfth  an  accoant  of  its  general  courfe  to  ' 
within  lOo  miles  of  the  place  where  du  halde  left  the  San- 
poo.  I  could  no  longer  doubt,  that  the  Burrampooter  mi 
^npoo  were  one  and  the  fame  river :  and  to  this  was  added  the 
politive  afTurances  of  the  Aflainers,    That  tbeir  river  came 

fsQiai  the  nbrtb-weft/  through  the  Bootan  mountaiHS.**  And 
to  jSi6e  ir1*j>ind  a  dotrt>t,  thiat  the  San  poo  River  is  not  the  lame 
with  the  river  of  Ava,  but  that  this  laft  is  the  great  Nou  Kian 
lOf  Yunan ;  I  have  in  my  poffeflion  a  manufcript  draught  of  the 
Ava  River,  to  within  1 50  miles  of  the  place  where  du  halds 

in  its  cckiri^  towards  Ava ;  together  with 
vl^^^tStlieifitlc  mfbmbtSim  that^s  river  (named  Irabattey  by 
tlle'fjcd^fe  of  Ava)  is  navigable  ffbm  the  city  of  Ava  into  tk 
j)rovince  of  Yunan  in  China*.     '  * 

The  Burrampooter,  during  a  courfe  of  400  miles  through 
Be'^^,  bears  fb  intimate  a  refemblance  to  the  Ganges,  except 
iff  %?partici:d^,  ihktione  ikferiplion  may  ierve  for  both.  The 
.^Si^&i^'iixMte  'is,  t!uil^*%iiring  the  laft  60  miles  before  its 
junction  With  lfKe^Qimi|^;^  k  fbrAis  a  ftream  which  is  regularly 
from  four  to  five  miles  wide,  and  but  for  its  frcfhnefs  might 
pafs  ^for  an  arm  of  the  -fca.  Common  defcription  fails  in  an 
i&onpt  to  coQv<i|y  an  adoipiate  idea  of  the  grandeur  of  this 

^  irij^H.  ^flfcarce  the  mufe 

Dares  ftrctch  her  wing  o*er  this  enormous  tnafs 
Of  rufhing  water ;  to  whofc  dread  expanfe. 
Continuous  depth,  and  wond'rous  length  of  courfe^ 

•  The  courfcs  of  the  Burrampooter  and  Ganges,  as  well  a$  that  of  the  Ava 
S,iver  from  YuaoB  to  tiie  ilea,  will  ibottly  be  defccibed  in  a  lar^  ihect  map  of 
JiindooiUn. 
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Thus  pouring  on,  it  proudly  fecks  the  deep, 
Whofe  vanquiiliM  ride,  recoiling  from  the  (hock. 

Yields  to  this  liquid  weight  ■  

Thomson's  Seafons. 

I  have  already  endeavoured  to  account  for  the  (higular  breadth 
of  the  Magna,  by  fuppofing  that  the  Ganges  once  joined  it 
^here  the  Illlhmiirtv  now  docs ;  and  that  their  joint  waters 
fcooped  out  its  prelcnt  bed.  The  prefent  jundion  of  thefetwo 
mighty  rivers  below  Luckipour,  produces  a  body  of  running 
frdh  water,  hardly  to  be  equalled  in  the  old  hemifphere,  and, 
perhaps,  not  exceeded  in  the  new*  It  now  forms  a  gulf  inter* 
fperfed  with  iflands,  fome  of  which  rival,  in  iize  and  fertility, 
our  Ille  of  Wight.  Tfie  water  at  ordinary  tinies  is  haidiy 
brackilh  at  the  extremities  of  thefe  iflands ;  and,  in  the  rainy 
feafon,  the  Tea  (or  at  leaft  the  furface  of  it)  is  pcrfediy  frefli  to 
the  dtftance  of  many  leagues  out. 

The  Bore  (which  is  known  to  be  a  fudden  and  abrupt  influx 
of  the  tide  into  a  river  or  narrow  ftrait)  prevails  in  the  principal 
branches  of  the  Ganges,  and  in  the  Mcgna ;  but  the  Hoogly 
River,  and  the  paflages  between  the  hlands  and  fands  ll mated  in 
the  gulf,  formed  by  the  confluence  of  the  Ganges  and  Megna, 
are  more  fubje6t  to  it  than  the  other  rivers.  This  may  be 
owing  partly,  to  their  having  greater  ea]jx>uchures  in  proportion 
to  their  channels,  than  the  others  have,  by  which  means  a 
L.gcr  piijj  ortion  of  tide  is  h»rccd  through  a  paflage  compara- 
rively  fmaller ;  and  partly,  to  tliei  c  biang  no  capital  openings  near 
them,  to  draw  off  any  confiderable  portion  of  the  accumulating 
tide  In  the  Hoogly  or  Calcutta  River,  the  Bore  conunence*;  at 
Ho«g]y  Point  (the  place  where  the  river  flrft  contrafts  itfeif) 
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and'  is  perceptible  above  Hoogly  Town  ;  and  fo  quick  Is  its 
motion,  that  it  hardly  employs  four  hours  in  travelling  from 
one  to  the  other,  although  the  difhuice  25  near  miles.  At 
Calcutta,  it  fometimes  occafions  an  inftantaneous  riie  of  five  | 
feet:  and  both  here,  and  in  eveiy  other  part  of  its  track,  the 
boats,  on  its  approach,  immediatdy  quit  the  ihore,  and  n^k^  | 
for  fafety  to  the  middle  of  the  river.  '  1 

In  the  channels,  between  the  iflands  in  the  mouth  of  the 
Megna,  &c.  the  height  of  the  Bere  is  faid  to  exceed  twelve  feet ; 
and  is  fb  terrific  in  its  appearance,  and  dangerous  in  its  conic* 
quences,  that  ho  boat  will  venture  to  pafs  at  fpring  tide.  After 
the  tide  is  £Eiirly  paft  the  iflands,  no  veilige  of  a  Bore  is  feen, 
which  may  be  owing  to  the  great  width  of  the  Megna,  in  com- 
parifon  with  the  paflagcs  between  the  iflands ;  but  the  cficds 
of  it  are  viiible,  enough  by  tlie  fudd^n  rifing  of  the  tides. 


Digitized  by  Google 


vhhi  the  iiatt4re  ()f 


i 


gitizQd  by  Google 


I 
I 


I 
1 


t   "S  ] 


X.  ^Jlrommeal  Ohfiroatums  on  the  Roiatim  ef  Ibe  Planets 

round  iheir  yJxes,  rtijcic  icitb  a  Vicuj  to  dttcnume  whether  ibe 
Earth's  diurnal  Motion  is  pcrfeBly  equable.  In  a  Letter  from 
Mr.  WiUiam  Hcrfchd  of  Bath  to  WiUiam  Watfon,  M.  D. 

Read  Januaij  ii»  i^Si, 

SIR,  Bath,  Oaober  i8,  1780. 

TH£  various  motions  of  the  planet  we  inhabit ;  the  an- 
nual revolution  in  its  orbit ;  the  diurnal  rotadon  round 
its  axis ;  menftnial  motbn  round  the  common  center  of 
gravity  of  the  moon  and  earth;  the  preceflion  of  the  equi- 
nodial  points ;  the  dimmution  of  the  obliquity  of  the  ecliptic  ; 
the  nutation  of  the  earth's  axis :  in  (hort,  every  one  of  tlie 
motions  that  arife  from  the  adlions  of  the  fun,  moon,  and 
planets,  combined  with  the  ipheroidical  figure  of  the  earth, 
and  the  projeftile  and  rotatory  motions  iirft  imprefl'ed  upon  it, 
have  all  been  confidered  by  aftronomers,  and  their  real  and 
apparent  inequalities  inveftigated.  And  to  the  great  honour  of 
modern  aftronomers  it  muft  be  confefled,  that  no  fcience  has 
ever  made  iuch  confidcrable  ftrides  towards  perfection  in  fo 
Hiort  a  time  as  adronomy  has  done  fmce  the  invention  of  the 
telefcope. 

There  is  one  of  the  motions  of  the  earth  however  which* 
it  ieems,  has  hitherto  eicaped  the  fcrutiny  of  obiervers;  I 
mean  the  diurnal  rotation  round  its  axis.   The  principal  reafon 
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whv  this  has  not  been  iook;.d  into,  is  probably  the  diflScuIty 
of  finding  a  proper  flandard  to  meafurc  it  by;  fince  it  is  itfelf 
ufed  as  the  ftandnrd  by  which  we  meafure  all  the  other  motions. 
We  have»  indeed,  no  caule  to  fufpedl  anj  verjr  material  perio- 
dical  irrtgdanty^  either  diiinMl»  inenilrual»  or  annual ;  for 
the  great  perfc£Hon  of  our  prefent  time-pieces  would  have  dif* 
covered  any  confiderablc  deviation  from  that  equability  which 
we  have  iiithcrto  afcribed  to  the  diurnal  motion  of  the  earth*  . 
And  yet,  it  is  not  perhaps  altogether  itnpoilible  but  that 
inequalities  may  cxift  in  this  motion  which,  in  an  age  where 
obiervations  are  carried  to  £uch  a  degree  of  refinement,  may 
be  of  fome  confequence. 

To  fliew  how  far  timc-kcepcrs,  though  ever  fo  perfe£l:,  are 
from  being  a  proper,  or  at  lead  a  fufficient,  ftandard  to  exa- 
mine the  diurnal  motion  of  the  earth  by,  I  may  afk,  whether 
it  is  probable,  that  any  clock  would  have  difcoveredto  us  the 
aberration  of  the  fixed  ftars  ?  And  yet  that  aberration  produce* 
a  change  in  longitude,  and  of  confequence  iii  right  afcenfion,. 
which  caufcs  an  annual  irregularity  in  a  ftar**8  coming  to  the- 
meridian,  which  a  tinie-pitcc,  were  it  a  fufficient  ftandarJ,. 
would  (oon  have  difcovercd,  and  which  we  might  have  attri- 
buted to  an  inequality  of  the  earth'is  diurnal  motion,  had  we  > 
not  been  acquainted  with  its  real  caufe.  And  if  we  were  to 
.    find  out  any  apparent  irregularity,,  acceleration,,  or  retardation^ 
flioukl  v/e  not  much  rather  fijfpe6t  the  clock  than  the  diurnal  | 
motion  r  I  mav  thcrefurc  venture  to  lay,  that  tiic  aberration  of 
the  fixed  ftars,  though  attended  with  the  above  mentioned  con- 
fequence, would  for  ever  have  remained  a  lecret  to  us,  if  it  '■ 
had  not  been^  found  out  by  other  methods  than  time-keepers. 

Now,  if  time-pieces  do*  fail  us  in  this  critical  cafe,  whera> 
WQ  ftand  iu  the  greateft,  need  of  their  affiflance,  it  is  ahnoft  in 
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v:>An  to  expeft  any  help  from  another  quarter  ;  for  \vhat«mecha- 
mcal  movement  on  earth,  or  motion  of  the  heavens,  is  there 
that  can  meafure  out  fuch  equal  portions  of  time  as  we  require  to 
compare  the  (fiurnal  motion  of  the  eaithto  ?  However,,  to  pro-* 
ceed,  imce  we  have  akeady  great  proofs  that  the  diurnal  motion 
of  the  earth  is,  if  not  perfectly  equable,  atleaftmore  lu  than 
any  other  motion  wc  are  acquainted  with,  it  will  not  appear 
abfurd  to  luppofe  the  diurnal  rotation  of  the  other  planets  to 
k  fo  Itkewife.  This  fnggefked  to  me  the  thoughts  of  e(ti- 
matio^  the  diurnal  motion  bf  one  planet  verjr  exa^ly  by  that 
sf  another^  making  each  l^e  Utandstd  -of  the  other.  In  this 
manner  we  may  obtain  a  comparative  view,  by  whicli  future 
aftronomers,  rf  thev  fhall  hereafter  be  inclined  to  piniue  the 
ilibjcd,  may  be  enabled  to  make  fbme  eflimate  of  the  general 
equability  of  the  rotatory  motions  of  the  planets.  For  if  in 
length  of  time  they  ihould  perc^ve  fome  fmall  retardation  in. 
the  (fiumal  motion  of  a  planet  occaiioned  by  ibme  refinance  of 
a  very  fobtfe  medium  in  wMch  the  heavenly  bodies  perhaps 
move;  or,  on  the  other  hand,  if  there  fliould  be  found  an 
acceleration  from  fome  caule  or  other,  they  might  then  afcribe 
the  altecation  either  to  the  diurnal  motion  of  the  earth,  or  ta 
the  gyration  of  the  other  planet,  accordiiTg  as  ciccumihmces,. 
or  obierved  phaenomena,  ihould  make  one  or  the  other  of  rhefie 
opinions  moft  probable*  . 

Now,  this  method  of  comparing  together  different  rotations 
of  (cveral  planets,  fimple  as  it  may  appear,  was  not  without 
ibme  diiliculties.  In  the  firfl  place  it  was  evident,  that  the 
common  account  of  their  dtumaL  motions  *, .  which  makes  that 

*  Venut  l{>atio  hoFuiini  gyntioneni  circa  txem  ab  oceideate  in  orienteiii 
perficit.  Mart  fimilem  Botationem,  horis  ^4  inta.  40  abrotvir.  Macularum  revo- 
lutioflibot  f«prat  dbftrvatif,  Dt.  CASsiNt  compeniit  periodum  JovU  circa  pro- 
irinDi  MKBm  cllbiiorariim.9,  imniiCorum  5l^«  xeill,.  Aft.  hc£U  V» 
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of  Jupiter  p  h.  56%  of  Mars  24.  h.  40',  how  true  ibever  it 
may  be  in  a  general  way,  was  much  too  inaccurate  for  this  cri- 
tical purpofe.  The  gyratioa  of  Venus  was  ftiil  lefs  to  be 
depended  upon,  being  only  noted  to  the  hour  without  the 
minutes :  it  became,  therefore,  neceflsuy  to  proceed  to  obferva- 
tions  of  a  more  determinate  kmd.  From  what  I  had  akeady  ieen 
of  the  rotation  of  theplanet8»  I  concluded,  that  Mars  on  fede- 
ral accounts  would  be  the  moft  el^ble  planet  for  my  purpofe  : 
for  the  fpots  on  Jupiter  change  fo  often  that  it  is  not  eafy, 
if  at  all  poiiibie,  to  afcertain  the  identity  of  the  lame  appear- 
ance, for  aliy  conilderable  length  of  time.  Nor  do  th&  dark 
fpots  only  change  their  place,  which  may  be  fuppoied  to  be 
large  black  con^  ries  of  rapours  and  clouds  fwimming  in  the 
atmofphere  of  Jupiter  ;  but  alfo  the  bright  fpots,  though  they 
may  aJlicrc  firmly  to  the  body  of  Jupiter,  may  undergo  lomc 
apparent  change  of  lltuation  by  being  differently  covered  or 
uncovered  on  one  fide  or  the  other,  by  alterations  in  the  belts. 
It  will  be  ieen  hereafter,  that  I  have  obierved  the  levolutioit  of 
a  veiy  fright  (pot,  not  fufpe£ked  of  any  change  of  fituatioo,  to 
befirft,  by  one  fet  of  obfervations,  at  the  rate  of  9  h.  51'  45^,6  ; 
and  afterwards,  by  aiiodici  let  immediately  following  at  the 
rate  of  9  h.  50'  48". 

As  the  principal  belts  on  Jupiter  are  equatorial,  and  aa  we 
have  certain  conftant  winds  upon  our  planet,  eipecially  near 
the  eqiiator,  that  r^larly,  for  cettatn  periods,  blow  the  fame 
way  ^,  it  is  eaiily  fuppofed,  that  they  may  form  equatorial 
belts  by  gathering  together  the  vapours  which  fvvim  m  our 
atmofphere,  and  carrying  them  about  in  the  fame  dire<flion. 
This  will,  by  analogy,  account  for  all  the  irregularities  of  Ju« 

* 

*  See       Eniditorum,  1687.  Dr.  halley's  Account  of  periodical  Wind*. 
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plter*s  revolutions,  deduced  from  fpots  on  his  diik  that  m«y: 
have  changed  their  fituation ;  for  if  we  fuppofe  the  rotation  of 
Jupiter,  according  to  CASSiNi,  to  be  9  h.  56',  then  fome  fpots 
that  I  have  obferved  muft  have  been  carried*  through  about  60* 
of  Jupiter's  equator  in  22  of  his  rcvolutiuns  or  days.  This- 
would  certainly  be  a  very  great  velocity  in  the  clouds,  which  is,- 
however,  not  unparalleled  hy  what  has  happened  in  our  own 
atmofphere. 

But  to  return  to  mj  purpoie :  on  the  planet  Mars  we  fee  ipots 
of  a  di£Scrent  nature;  their  conftant' and 'determined  ihape,  as 
well  as  remarkable  colour,  fhew  them  to  be  permanent  and 

faftened  to  the  body  of  the  planet.  Thcfe  will  give  the  revo- 
lution of  his  equator  to  a  great  certainty,  and  by  a  j^rcnt  num- 
ber of  revolutions,  to  a  very  great  ex a<ftnefs  alfo,  Suppofmg 
then,  that,  by  a  method  I  ihall  hereafter  defcribe,  we  can  de- 
tennine  whether  a  ipot  on  the  diik  of  Mars  is,  or  is  not,  in 
the  line  which  joins  the  center  of  the  earth  and  the  center  of 
ihat  planet,  to  half  an  hour*s  time  with  certainty  (I  believe 
ten  or  twelve  minutes  will  be  found  fufficient  for  that  pur- 
pofc),  in  this  cafe  we  ihall  in  30  days  have  the  revolution  true 
to  a  minute;  and,  by  continuing  thefe  ohfcrvations  for  three 
iQooths,  we  (hall  have  it  to  20'^.  When  we  are  fo  far  certain, 
we  can  eaiily  arrive  to  a  much  greater  degree  of  exa€tnefs ;  for 
aswe-now  can  no  longer  miftake  a  whole  revolution,  if  we  take 
the  time  of  any  particular  fpot*s  bemgin  the  line  which  joins  the 
centers  of  the  planets  during  one  qspoHHon  of  Mars,  -and  take 
the  fame  again  at  or  near  the  next  oppofition,  we  ihall  ha\  c  aa 
interval  of  about  780  days,  which  will  give  the  diurnal  motioit 
of  that  planet  true  to  about  z'.  The  next  oppofition  will  give 
It  to  one,  and  fo  forth  ;  by  which  means»andby  taking  a  proper, 
mimbcr  of  fuch  periods,  we  may  determine  the  rotation  e£ 

Macs 


Digitized  by  Google 


1 20        Mr*  BEiLSCR£L*s  Afir^nmtcoi  ObfervaitBnt 

Mars  to  as  great  an  exa^nefs  as  we  fiiall  think  oecefiary .  fqr  the 

purpofe  of  our  comparative  view.  | 
Had  fuch  oblcrvations  as  thefe  been  made  two  thoufand,  or  : 
perhaps  only  lb  many  hundred  years  ago,  we  might  now,  by  ! 
repeating  theiOt  it)ofl  probably  become  acquainted  with  ibma  | 
curious  minute  changes  of  the  iblar  iyftem  that  have  hitherto 
palled  unnoticed.  ' 

ThcLc  IS  a  certain  clrcumftance  which  would  alaioll  create  a  ' 
fulpiciun  that  there  has  been  fome  retardation  in  the  diurnal 
motion  of  the  earth.  The  ditference  between  the  equatorial, 
and  polar  diameters  of  the  earth,  by  adual  meafurement,  has 
been  found  to  be  about  36  Engliih  miles  and  9  tenths ;  but,  by 
a  calculation  wherein  the  preient  rotation  is  made  ufe  of,  it 
will  oiiiy  amount  to  about  33  miles  and  8  tenths:  from  which 
it  Ihould  fecm  juobable,  that  when  the  earth  afiumed  the  prefent 
form,  the  diurnal  rotation  was  fomewhat  quicker  than  it  is  at 
prefent,  by  which  means  the  centrifugal  fi>rce  bore  a  greater 
proportion  to  the  force  of  gravity  to  which  it  is  contrary,  aod 
thus  occafioned  a  higher  elevation  of  the  equatorial  parts.  But 
1  would  not  lay  much  ftrefs  upon  this  argument ;  fur,  in  the  cal- 
culation, it  has  been  fuppofed,  that  the  earth  is  nearly  of  ?.n  • 
equal  denfity  at  the  furface  and  towards  the  centern  which  it 
feems  is  not  agreeable  to  fome  late  curious  experiments  aad 
calculations  that  have  been  made  under  the  condu£fc  of  the 
Ailronomer  Royal  upon  the  attraction  of  a  mountain*,  the 
reluk  of  which  ought  now  to  be  taken  into  confideration,  and 
the  calculation  repeated.  If  all  the  data  could  be  exadlly  de- 
pended upon,  it  would  be  pradicabie  enough  from  the  laws  of 

*  See  Mr.  hUtton'i  Account  of  the  Ca!c\]!,uions  made  from  the  Survey  and 
Meafures  taken  at  SchehaUicQ,  ia  urdcr  to  alcerttm  tiie  mean  Deniity  of  the 
Earth.  Phil.  Tranf.  1778. 
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^vity,  and  the  preient  totatioti  and  given  form  of  the  earth» 

to  find  the  C[  [itiitugj.1  force  required  to  produce  that  form,  and 
thence  to  Hicw  what  mufl  have  been  h%  dimn^l  motion  when 
it  aflumed  the  fame.  However,  chefe  are  refearches  that  in  my 
preient  fituation  I  neither  have  opportunity  nor  perhaps  ability 
e&ough  to  inveftigate  properly ;  and  which*  therefore,  I  hope 
fome  of  our  excellent  mathematicians  will  think  worth  while 
to  look  into. 

I  (hall  now  relate  my  obfervatloiis  on  Jupiter  and  Mars.  The 
telefcopes  I  ufed  are  of  my  own  coniltudion ;  and  are,  a 
tweaty^&et  Newtonian  refledor,  a  ten«*feet  lefledlor  of  the 
&ne  form,  and  a  feven-foet  reflector  already  mentioned  in  my 
paper  on  the  mountains  of  the  moon.  My  time  I  gained  by 
equal  altitudes  taken  with  a  brafs  quadrant  of  two-feet  radius, 
carrying  a  telefcopc  w  hich  magnifies  about  40  times ;  for  the 
cx}rre^lion  of  altitudes  taken  of  the  fun  I  ufed  db,  la.  lande's 
tables.  'I  kept  my  time  by  two  very  good  pieces  i  one  having 
a  deal  pendulum*rod,  the  other  a  compounded  one  of  brafs 
and  iron,  both  having  a  proper  contrivance  not  to  fk)p  when  . 
winding  up.  The  rate  of  going  of  my  clock©  1  dctcimined  by 
the  tranfit  of  flars. 

Obfcrvations  on  Jupiter  in  the  year  177S. 

February  24.  Clock  i'  10"  too  foon.  About  9  o'clock  I 
faw  a  bright  belt  on  t>ne  part  of  the  diik  of  Jupiter,  fee  tab. 
V.fig.  I.  -    •  . 

About  to  oVlock  it  was  advanced  as  for  as  the  center,  fig  2. 

II  k.  The  white  belt  ilill  more  advanced,  fig.  3. 

II  h.  25'.  It  approached  towards  the  edge  of  thedilk;  and  at 
f  2  h.  was  extended  all  over,  as  in  fig.  4* 
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February  25.  8  h.  The  fame  bright  belt  I  obferved  yeflerdajr 
extends  all  over. 

8  h.  45'.  It  is  divided  by  a  darkifli  fpot>  ^tuated  at  £bme 
diftance  from  the  center,  as  in  fig.  5. 

$\  The  fmaU  dark  divifion  is  advanced  a  little  farther 
than  the  center,  as  In  fig.  6^ 

9  h.  33^  The  fpot  is  viiibljr  advanced  a  confiderable  deal 
far  I  her. 

March  2.  8h.  2',  The  darkifli  fpot,  with  fome  alteration  ia 
its  ihape,  is  now  in  tbe  middle  of  the  dilk,  fee  fig.  7. 

March  3-*  10  h.  3^4.^..  The  bright  bek  on  the  loath,  ef  the 
equator  is  now  in  the  middle ;  that  is  to^iay,  if  a  fine  be  dram 
perpendicukr  to  the  eq^torial  belt»  and  through  the  center^ 
tlie  end  of  the  equatcrial  belt  now  touches  it,  fig.  8. 

I3  h,  49'.  The  darkillv  Ipot,.  in  which  there  has  been  lomc 
alteration  fince  yefterday,  Teems  now  to  be  in  the  center,  fig.  9, 

Marck  14.  The  clock  altered  to  true  equated  time;  but  the 
Tate  of  going  not  changed,,  being  well  regulated^ 

7  h.  35'.  The  fpot  is  now  in  the  center,  but  does  nor  feeni 
quite  to  fill  tke  white  bck  ;  nor  is  it  fo  large  and  dilliud  as  it 
was  before,  iig..  10. 

April  7.  p  h.  31'.  There  are  three  dkrk  fpots  in  the.equa«> 
toriai  belt  nearly  in  the  center,  fee  fig*  1 1*. 

April  1 2k  )\  50':  The  three  dark  fpots  are  in  the  centen 
The  (bnrthemmoft  of  the  three  is  nearly  quite  vaniftied  ;  the 
other  two  arc  alio  much  fainter.  They,  are,  however,  diftinft^ 
enough,  to  be  known,,  fig.  1 2«. 


Obfervatvons 
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Obiervations  on  Jupitejr  in  1779* 

April  14.  Clock  52^'' too  late.  8h.  4S'  A  i«mad:able  bngU 
Ipot  in  the  equatorial  belt  towards  the  nort^i  18  in  the  center, 
iee  fig.  i8. 

8  h.  58'.  Tlic  fpot  is  a  little  pafl  the  center. 

April  19.  Clock  true  meantime.  7  h.  10'.  There  is  a  bright 
fpot  juil  now  in  the  center,  which,  from  k$  ihape,  I  take  to  he 
the  fame  that  was  there  April  i4tb*  • 

7h.       The  ipot  is  viiibty.paftthe  center. 

April  aj.  Clock  ihew9  true  time.  ^  h.  38'.  The  fame  bright 
fpot  is  in  the  center. 

9  li.  43'.  It  is  part  the  center.  Memorandum^  my  time- 
pkcc  niay  be  depended  upon  to  afewfecoads. 

It  will  not  be  amifs  to  obierve>  that  -  the  fpots,  a».weU  as  a 
great  many  other  phsBnomenat  were  watched  as  they  came  on» 
pafled  over  the  center,  and  went  off  the  dilk  of  Jupiter ;  but  I 
have  only  fele£ted  thofe  obiervatiops  t}iat  were  neceflaty  to  my 
prefent  purpoie» 

Comparing  together  the  obfcrvntions  that  were  made  in  the 
year  1778,  February  24th  and  March  3d,  we  Obtain  nn  interval 
of  7  days  34  minutes,  wliich  being  divided  by  1 7  revolutions 
made  by  Jupiter  on  his  axis,  we  have  the  time  of  one  fynodical 
revolution  equal  to  9  h.  54'  56^^4« 

The  dark  fpot  on  February  'a5  .was  objterved  ibme  time  be» 
fore,  and  alfojuft  after  it  was  paft  the  center;  therefore  I  have 
fuppoied  it  to  be  in  the  center,  about   Ji.      :  and  we  have. 


Pebniazy 


X24'  aEK5CHEL*s  /Ijltonomical  Obfirvations 

D.  H. 

February  25    8  58. 
March      i   8   » ' 

Dividedby  r  i  rer.    4  23  4 

X  revolutiou  =  9h.  55'  20^^ 

.  February  Z5  ^  8  58  ^ 
March      3  13  .49^  : 

15  revol.    6  451. 

S  jrevolutipa  s  9  h.  5^'  2  4''« 

February  25    8  58  o 

March      14    7  36  IOaUowiagi'io"forthealuoftheclocfe* 

I  !'    41  revol.  16  22  38  10 

'  *  .  I  nvolution.  =  9  h«  55' 4'%6^ 

March      :r  8 

3  «3  49 

I  revoL.     i    5  47 

-I  revokitioa  =  9h.  55'  4a''* 

March      2    8   2r  o  * 
14   7  36 

29  revol.  II  23  34  10 

I  revolution  =  9  h.  54'  58 ',2. 

March 
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J}t  ii»  M»-  S«> 

March   3  13  49  o 
14    7  36  lO 


Divided  by  a6  rer*  10  17  47  10 

I  revolution  as  9  h.  54'  53f',4* 

April    7    9  31 
12    7  50 

TZ  revol.^  4  22  29 


r  revolution  =  ^  h.  51'  35". 

Again,  comparing  together  the  obfervations  of  1779,  which' 
were  made  with  the  utmoll  attention  to  time,  we  have|. 

Apnl  14  ^  48  52: 
April  19   7  10  o 

1:2  revoL   4  22  ii  8 

I.  revolution  =  9h.  51'  45'^^* 

April  19  7  10 
April    23    9  38 

10,  revol.    4    2  28 

'I  revolution  =  9h.  50'  49^'* 

And  taking  both  tc^ether^ 

April  14  8  4^  52 
April  23   9  38  o. 

22  revoL   9   o  49  8 

h  revolution  =  9.h,  51'  19^14* 

^  Thefc 
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Tliefe  fcveral  refults  are  fo  exceedingly  various,  that  it  Is  evi- 
dent Jupiter  is  not  a  proper  platiet  for  the  cnttcal  purpofe  of  a 
comparative  view  of  the  diurnal  motions;  nor  can  this  great 

variety  proceed  from  any  inaccuracy  in  the  obfcrvations :  for, 
in  my  opinion,  it  is  not  well  poffible  to  make  a  miftake  in  the 
fituation  of  a  fpot  that  fhall  amount  to  ib  niMOh  as  tive  minutes 
of  time.  The  obfervation  of  April  23,  1 779,  was  made  with 
a  view  to  afcertatii  this  point,  when  it  was  found  that  five  mi- 
nutes of  time  made  a  ieniible  difierence  in  the  iituation  of  a 
Ipot  when  near  the  center. 

If  we  reduce  the  lynodical  revolutions  to  fydereal  ones,  the 
refult  will  be  fo  little  different  from  the  above,  that  1  have  not 
thought  it  Worth  while  to  do  it  in  this  place.  By  a  compartfoa 
of  the  dHierent  periods  it  appears*  that  a  ipot  trhich  is  carried 
about  in  the  atmofphere  of  Jupiter  generally  diflers  an  accelera- 
tion, or,  which  is  the  fame  thing,  performs  its  rcvoiutioub  uy 
degrees  in  lefs  time  than  it  did  at  firA  ;  for  the  fpot  obferved  in 
1778  moved  at  the  followii>g  rates.  Fcom  February  25,  to 
^Iarch  2.  in  ph.  55^  2Jof* ;  to  March  3*  nearly  the  fame;  to 
March  14.  in  ph.  55'  4'';  from  March  a.  to  March  3.  in 
9  h.  55'  \o" ;  to  March  14.  in  9  h.  54'  58"  ;  from  March  3. 
to  March  14.  in  9  h.  54"^  53  •  '779  ^P^'^  moved  from 
April  14.  to  April  19.  at  the  rate  of  9  h.  51^45'';  to  April  23. 
in  9  h.  5 1 '  24'' ;  and  from  April  1 9.  to  April  24.  in  9  h.  50'  » 
all  which  is  agreeable  enough  to  the  theoty  of  equatorial  winds, 
lince  it  may  probably  take  up  ibmethne  before  a  fpot  can  acquire 
a  fufficicnt  velocity  to  go  as  feft  as  thole  winds  may  blow.  Ani 
by  the  by,  if  Jupiter's  fpots  (hould  be  obferved  in  different 
parts  of  his  year,  and  be  found  in  fome  to  be  accelerated,  in 
others  to  be  retarded,  it  would  almoft  amount  to  a  demonftra-  j 

tiou  of  his  monfoons  and  their  periodical  chaiTges ;  but  if  his  | 

axis 
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axis  (hould  not  be  inclined  enough  to  his  orbit,  to  occafioii 
fuch  a  change^  they  may  probably  always  blow  in  the  iams 


Obfervations  on  Mars  in  the  year  1777* 

Tweaty-leet  Newtonian  refiedlor;  power  300. 

Apnl  8.  -j^  h.  30'.  I  obferved  two  ipots  upon  Mars»  with  a 
bright  belt  or  partition  between  thenu  The  belt  was  not  veiy 
vdl  (fefinedy      taU  VT.  fig.  14. 

9  h.  3c/.  The  ipots  are  advanced,  and  more  (potted  parts 

art  v  ikible,  fig.  15^ 

10  h.  The  revolution  of  Mars  on  his  axis  is  now  very 
tvident,  fig,  16. 

April  17..  Teu-ieet  Newtonian  reflector;-  power  about 
21 1*  7h.  50^  Mars  appeared  as  in  fig.  17.  At  a  and  b' 
there  were  two  bright  fpots,  fo  luminoiis  that  they  feemed  to» 

project  beyond  the  dllk.    At  c  aiid  d  tlicic  wcie  two  very  dark 
fpots,  jomed  by  a  kfl'er  black  line  in  the  middle,  which 
however  was  croiied  at  e  -nd /by  a  very  faint  whitiih  partition- 
April  26..  Ten-feet  refie^lor ;  power 
9L.5'»  The  fpots  on  the  planet  are  very  faint,  and  much 
about  as  in  fig.  18. 
April  27.  Ten- feet  refle^^or ;  power  324. 
8  h.  40'.  The  evening  very  fine  ;  my  tclefcope  in  compleat 
«rder»  The  ipots  as  in  fig^ip* 


Obiibrvation»- 
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Obfervations  on  Mars  in  the  year  1 779. 

May  9th,  Clock  15''  too  faft: ;  by  equal  altitudes  on  the 
14th  of  April,  and  by  the  tranfu  of  a  ftar,  is  found  to  lofc 

1 1  h.  I  ^  by  the  clock,  I  found  the  iltuation  of  the  fpots  qd 
Mars  as  in  6gure  ao ;  there  is  a  very  remarkable  dark  fpot  not 
far  from  the  center. 

1 1  h.  30'.  The  figures  are  gone  norn  the  center. 
May  1 1 .  Clock  i  2''  too  fafl". 

I  oh.  18'.  The  fame  fpot  that  was  vilible  May  9.  is  on  the 
dlik,  the  darkefl  place  being  intirely  fouth^eaft  of  the  center, 
iee  fig.  21.  . 

I I  h.  43'.  The  darkefl  part  is  almoil  arrived  at  die  ceoter, 

fig.  22. 

1 2  h.  1 7'.  The  dark  Ipot  Is  with  its  edge  ju£l  near  the  center, 
as  in  fig.  23.  .  ' 

May  13.  Seven-feet  refledor ;  power  222.  Clock  9''  too  fail* 

II  h.  26'm  Mars  ieems  now  to  be  in  the  fame  iituatioii  he 
was  the  nth,  at  loh.  8'. 

May  22.  Clock  4''  too  flow. 

I2h.  5'.  The  figure  of  May  iith  is  not  on  the  diik;  but 
(bme  other  fainter  fpots  are  vifible.    The  air  is  full  of  vapours. 

June  6.  The  clock  fet  by  ten  equal  altitudes  taken  to-day,  J 
and  by  the  traniit  of  9  Scorpii  lofes  i'',9  fer  day.  What  I  have 
perhaps  improperly  called  a  trandt  is  the  occultation  of  a  ftar 
pafliing  behind  the  perpendicular  edge  of  a  high  l  uiKling  at 
about  40  yards  diftance,  obferved  with  a  hxed  teiefcope  direded 
to  the  place  where  it  vanilhes, 

I  oh.  io'«  The  fame  figure  is  upon  the  diik  of  Mars  which 
was  there  April  8,  1777,  at  7  h.  30'. 

June 
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June  15.  Clock  17'' too  flow,  ph,  45'.  The  fame  figure  is 
upon  Mars  that  was  there  May  9.  at  1 1  h.  but  it  is  more 
advanced.  I  ibppofe  it  to  be  the  fame,  'and  in  tfie  fame  fitua- 
tion,  as  April  17,  1777,  at7  h.  5o'«. 

June  17.  Clock  20 '  flow.  .' 

9  h.  1 2'.  The  dark  fpot  on  Mars  is  jrather  .more  advanced 
than  it  was  May  nth,  at  loh.  18'. 

I  oh.  The  fpot  is  viiibly  advanced:  I  fuppoie  it  will  take 
near  an  hour  to  come  to  the  center* 

10  h.  I5^  A  very  thick  fog  obfcures  the  Iky. 
ti  h.  15'.  The  fame  darknefs. 

June  19.  Clock  nx"  too  flow  by  the  trakflt  of  6  Scorpii  ob- 
ferved  this  evening. 

8  h.  40'.  The  figure  on  die  dilk  of  Mars  appears  Jiow  to  be 
as  it  was  April  26,  1777,  nt9h.5',  fee  fig.  18.  .  .• 

11  h.  30'.  The  hgure  of  May  1 1.  which  I  have  been  hitherto 
watching,  is  not  come  to  the  politiofn  it  was  then  at  1 1  h«  43% 
but  cannot  be  hx  from  it.  1  fear,  as  Mars  approaches  th^  hori- 
zon, I  {hall  not  be  able  to  follow  him  till  the  figure  comes^to 
the  center. 

I I  h.  47'.  The  fVate  of  the  air  near  the  horizon  is  very  unfa- 
vourable. With  much  difficulty  I  can  but  jufl:  fee  that  the 
%ire  is  not  quite  fo  far  advanced  as  it  was  May  iith,  at 
II  h.  43',  but  can  certainly  not  be  above  two  or  three  minutes 
^om  it. 

II  h.  5I^  The  undulation  of  the  air  prevents  all  further 

obfervation. 

,  Let  us  now  examine  tlie  refult  of  the  nli^vc  mentioned  obler- 
vations  :  comparing  together  the  two  toilovving^ort  intervals 
of  the  year  1 779,  we  have, 

•VouLXXI.  S  From 
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D.  H.   M.  s. 
JtromMsf   ^  it   o  45 

to  May  II  la  16  48^ 
Divided  l^rrcvoL   z   ^t€  3 


Cires  I  revotation  si  2411.  38'  ^'^5^ 

A  ieeoiitl'fmall  intcrvtiL 

May  1 1  I  o  1 7  48- 
13  II  25  51, 

arevoL   2^   i    8  3, 

>  levoltttkm  =  24  k.  x.^y^* 

HcfC  we  haViC  two  very  fhort  iutervals  that  agree  to  4',  whicR 
moffe  tfamve  could  have  expeded  in^  fuck  ihott  periods  of 
tiooew.' 

Comparing  together  obfemtions*  that  wee  made  at  a  greater 
dtftance^  wefmd; 

"E'ixSi  monthly  period^ 

May  II  10  17  48^ 

rune  It   a  o  20 1  ^' 

J     ^  *f     >  t  lpot<wa»ftuUer  more  advanced*. 

36  revoL.  36  22  jpr  32s 

I  revolution  =■  244h.  38'  ^''^j^ 

Second  monthly  period^ 

May  II  II  42  48 

gunc  19  II  50  22^  ttkcBMCMwtochcpiace  tMiiMiL 

38  revol.  ^    o    7  34 

I  revolution  =-  24h.  38'  5^,4^ 

Third 


Digitized  by  Google 


t»  ihe  Roiaikn  of  the  Planus^  Uc  s  ji 

* 

Third  mouclil/  period, 

D.  H.  M.  S.  • 
May  ij  II  25  51 

June  17   9   9  ao 

34revol.  34  21  43  29 

I  rcvoiutioii  =  24 li.  ^8'  2o'',j 

This  laft  is,  perhaps,  as  likeIy>tD  be  near  tHe  truth  as  any, 
fincc  the  fame  {^t  was  here  ob(erved  for  the  third  time,  and 
therefore  its  motion  become  more  familiar. 

Here  we  have  three  longer  periods  that  agree  to  fifteen 
ieconds,  which  is  quite  fufRclent  for  extending  the  mterval  of 
tiioe  to  thoie  obfervatitms  that  were  made  in  the  year  1777* 
But  as  thefe  are  the  iynodical  revolutions^  it  wiU  be  neoeflary 
fifft  to  reduce  them  to  fvdereal  rotations. 

In  figure  24.  let       fuppofe  the  orbit  of  Mars,  mabc, 
to  be  m  the  fnmc  plane  with  the  orbit  of  the  earth,  £Dfo; 
and  the  axn  of  Mars  to  be  perpendicular  to  his  orbit.  Let 
M,  s,  fl»,    be  the  fituations  of  Mars  and  the  earth  on  the  , 
13th  of  May  and  r7th  of  June  $  then  will  the  line  km,  that 
connects  the  centers  of  Mars  and  the  earth,  point  out  the  geocen- 
tric place  of  Mars  on  the  13th  of  May;  and  the  line  em^  the 
geoceotric  place  of  theiame  planet  on  the  17th  of  June.  Draw 
<r  and  m  parallel  to  sr  ;  thai  will  er  p(nnt  out  the  geocentric 
place  of  Mars  on  the  13th  of  May ;  and  die  angle  sme  is  equal 
to  die  angle  mer.   Now,  by  an  ephemeris  *  die  geocentric 
place  of  Alars,  May  13.  at  11  h«  26'  was  7f.  20  d.  ^y  '  21"; 

*  Tbe  Nautical  Almanae       the  feooentrie  pbee  of  Man  onljr  to  cvmy  fixUi 
Ibr  whkh  reatbii  I  xlM  watts'i  Ephcnerii,  where  it  ia  ptea  for  eveiy  «iqr, 
ikomii  peilutpi  not  with  lo  much  exadoda  m  I  coaU  viik 

S  a  and 


mil  on  the  17th  of  Jun-,  nt  9  h,  9',  it  was  ;  f  i2d.  %f 

by  whlcli  ave  obtain  t!ie  diiFcrence  dr  angle  rem  ^  emr  ^ 

Now  a  fpot  on  Mars,  fituated  in  the  dke^fion  me,  will  have 
ma:lc  a  lyiicreal  rcvolut On  \Thcn  it  retiiriis  to  the  latiiC,  or  a- 
parallcl  dire^lion  ms.    From  which  we  gather,  thatthe  Tpot  on 
the  ijrh  of  June,  after  coming  to  the  line  »/^,  where  it  fin  iflies 
the  fynodical  revelution,  will  have  to  go  through  an  arch  of 
&4-  31  59'^  in  order  to  arrime  into  the  diredlion  iof.thcfflne 
msy  where  k  finifhes  the  fydcrcal  rotation*   The  time  it  wiil« 
take  to  go  through  tliis  arch,  at  the  fydereal  rate  of  24  h«  39'  20" 
to  360  degrees,  or  4^,^09 .  fcr  minute  of  a  degree,  will  be 
3S*  3",8 ;  thia  being  divided  by  the  numbers  of  revolutioa 
34,glves  .1'.  r'^B,;.  w  hich,  added  to  24  h.  38^  zo'^^,-  gives  im 
24  h.  39'  22'\i  for  thefydereal  revolution  of  Mars»  as  found  bjjt 
the  third  of  the  monthly  periods.    This  qoantity  will  help  u4 
to  find  a  pro^r  divifor  for  tlic  three  tollowing  .long  bicuuial 
periods.  *  * 

I(  is  to  be  obfcrvcd,  that  Mars  has^  b^i  'retrograde  in  the 
above  example,  for  which  reafou  the  meafure  of  the  angle  emt 
waa.to.be  added  to  the  fynodical  revolotioii'when  we  wasted  to 
find  the  fydereal  rotation ;  but  if  he  had  been  direa:,  or  if  hi» 
place  had  been  more  advanced  In  the  ecliptic  than  that  to  which 
wc  compared  it,  as  at  ^,  tlicn  the  line  y.a-  paraliel.to  £M  would, 
be  the  diredion  to  which  the  fpot  ihould  .return,  in  order  ta 
accompliih  a  fydereal  revolution,  and  therefore  the  quantity  of 
tjie  angle  ^/mt = fterj  or  dlfiereoce  of  the  g^oceotric  filaces  otightt 
U>  be  fubtraded  from  the  fynpdical  re^volutipn  taobtaiuthe 
^yde^eal  one. 
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Firft  bieuxiial  period,  1777,  April  8    7  36  * 
\        •^ZJi9»  6  10  10 

'      '   .  789    2  40 

The  geocentric  places  f>f  Mar$  at  thoib  times  were», 

6   6  3 1  26 ' 

'  I  7  17  4 


turned  mto  time  at  V^I09  /r^r  minute  of  a  degree  and  fub«- 

traded,,  becaule  iViars  is  more  advanced  in  the  ecliptic,  is 

Divided  by  768  tdV.  789   o   S  48,2 

D.     IL  M.  S. 

Second  Uennial  period,  1777,  April  17    7  50  o 

177.9,  June  15    9  45  '7 

;      .      7«9    I  55  J7 

■  '  i  ■  ■■     '    I  • 

S.   D.    '  , 

•    Geocentric  places    6    3  31  27 

7  12  40  23 

t  9   8  56  ' 

Turned  into  time    789'  1  55  17 
andfubtraded)-  —   2  40  52 


768  revol.    788  23  14  25. 
I  revolution  =  24  b.  3^'  1 8/^94. 


Third 
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D.       K*     1C(  %m 

Third  lueiinialperkxiy  1777,  ApxU  a6   9   5  o 

1779,         19   8  40  22 


783  23  35  22 


S.   D.     '  " 

Geoccatric  places   6    i  24  36 
1     .  •  '7  12  31  48 

Turned  into  time    7S3  23  35  22 
,  '    and  fobcradsd    «^  2  45  (5,6:  - 

763  revol.    7H3  20  50  6,4 
t  revolution  s  2411.  39'  23''904* 

As  thefe  three  periods  are  fupported  by  obfcrvations  of  equal 
Talidity,  I  (hall  take  a  mean  of  them  all  for  the  neareft  approxi* 
inatioa  to  the  true  fydereal  rtvohitkm  of  Mars  on  hia  axis* 
which  therefine  is  24 h.  39'  xi\6y. 

It  remains  now  only  to  fee  how  far  we  may  depend  upon  this 
determination  of  Mars*s  diurnal  rotation  as  coming  near  tlie 
truth ;  and  looking  over  thofe  caufes  which  may  pofTibly  pro- 
duce any  errors,  we  6nd,  firA  of  all,  that  in  the  long  biennial 
periods  a  miilakc-in.  the  number  of  revolutions  would  produce 
a  confiderable  devtatUm  from  truth.  Secondly,  in  the  oblcrva- 
tioiis  of  a  fpot  which  moves  fo  ilow,  we  arc  alio  liable  to  fome 
conddcrable  miftake  in  eftimating  the  time  when  it  conies  to  .\ 
certain  place;  and  the  moreib,  if  that  place  is  not  the  center* 
Liaftly,  the  time  itietf    liable  to  inaccuracy. 

it  As 
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m  tii  RoiaiiiM  of  the  PUmts^  &e.  rj^; 
h»  tiotfaefirfty  it  appean^  from  the  €hre6  monthly  periods^ 

oblerved  in  the  year  1779,  when  the  proper  aiiowaiices  for  the 
geocentric  places  are  made,  that  the  fydereal  revolution  of  Mars; 
caoDOt  well  be  left  than  24  h.  39'  $\  nor  more  than 
H^^'  r  but  if  we  &ottld  divide  any  one  of  the  three 
Inennial  period$  byafuppo(ed  number  <^  fevolutions*  only  one 
more  or  one  le&  than:  we  have  done,  llie  dfflerence  would  be 
eonfiderable,  that  nothing  hot  a  miflake  in  every  one  of  the 
three  moiitiiiy  periods^  of  at  leaft  one  whole  hour^  could  juftify 
iiidi  a  fappolitMiDr  ^  and  that  fucb  a  mi/lake  in  the  fituation  of 
1  (pot  on*  Afiirs  cannot  bate  been  made  in  thoie  ob&rvations*  I 
lluiik»  Is.  evident  enouf^  from:  the  ezadheis  widi  which  they 
were  made,  and  from  their  agreement  with  each  other. 

The  fecorul  cnufc  of  error,  which  is  the  uncertainty  iij 
nfligiiing  the  cxad  time  when  a  fpot  comes  to  the  center,  is  of 
ibme  ibite»  But  it  leems  to  me.  highly  {nrobable,  from  the 
Banner  mwhick  l  have  ieea  the  Ipots  on- Mars  pafs  over  the 
fiikof  that  planet,  that  there  can  hardfy  bc  fb  great  an  error' 
as  la'  in  an  obkrvadoa  of  any  remarkable  fpot's  coming  to 
the  center.    However,  not  being  willing  to  trufl  more  to  the 
tye  than  I  ought  to  do,  I  had  recourfe  to  the  following  experi* 
flieat.  idicw  feveral  circles  of  oneinch  radtus>  taking  care  to^ 
nake  navifible  impreffion  of  a  center;  and  pikced  in  each  a 
fciepmntaf  Aeleveral  diftances-of  .0424,  .06  j  6,  .0848,  in  ten 
thoufand:*  t>f  an  inch  from  the  real  center;  forne  to  the  right,, 
others  to  the  left..   Theie  meafures  are  tile  fmes  to  radius  one, 
»f  z'  26',  3*  39',,  and  4**  5a',  which  are  the  arches  a  fpot  on. 
Man  paileg  over  in  to^  I'S*.  20'  minutes  relpe^liyely.   I  exr 
poicd  them  to.  feveral^  pepjEons-  unacqpaiiited  with  my  defigiis^ 
and  found,  that  not  one  of  them  made  a  fingle  miftake  in  fay- 
^ic^  whether,  the  goiatWAS,  ot  was  not,,  ia  the  center  of  the 

circle^ 
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circle,  and  which  way  it  deviated  from  it..-  As  the  tlicefSlioo  of 
the  motion  of  Ipot  on  Mars  is  known,  X  Jthought  the  perfijn^ 
wto  were  to  judge  of  the  place  of  the  points  were  iotitled  to 
Tie  acquainted  with  the  line  in  which  they  were  placed,  .whic^ 
'for  that  r^afon  ^yas  ^'always  .to  th^  right  and  ^fic  only.  The 
points  tliat  anfwer"  to  the  excentricity  of  15  and  20'  are  Indeed 
£0  vifibly  out  of  the  center,  that  1  believe  we  may  fafely  fay, 
that  any  miftake,  in  ellimating  the  time  of  a  Ipot  on  Mars 
comtng.to  the  center,  cai^ot  .xveil  exceed  a  c[uarter  6  an  houf 
at  the  outiide. . 

As  for  the  third  and  laftoccaiianof  •erfX>ry  the  timeitfelf,  I 
helicve  my  manner  of  obtaining  and  keeping  it  in  the  year 

'779  ^^^^^  appear  fatisfa*flory,  and  mav,  1  think,  be  depended 
upon  to  a  few  llconds  ;  but  the  obfervations  of  the  year  1777* 
indeed,  are  far  from  having,  the  fame  advantage.  I  was  not 
then  provided  with  an  altitude  inftrument^  therefore  iet  uxf 
clock  by  a  good  fun-dial ,  with  the  equation  of  time  contained 
in  the  Nautical  Almanac,  and  found  U  to  a^ree  generally  to  1^ 
minute  or  two  with  the  time  calculated  for  the  eclipfes  of  Ju- 
j)iter*s  firfl:  fateUite,  as  1  deduced  it  for  Bath  from  the  Nautical 
Ahnanac.  However,  it  was  certainly  liable  to  an  error  of 
ieveral  minutes;  therefore,  allowing  no  lefs  than  10'  for  the 
clock  in  1777,  and  20'  for  an  error  in  eitiipating  the  (ituation 
of  !a  fpot  in  1 779,  it  will  both  amount  to  half  an  hour :  then, 
if  we  take  a  mean  of  the  tKree  numbers,  whereby  we  have 
divided  the  three  biennial  periods,  we  have  766  J  ;  and  half  an 
hour,  divided  by  766  will  therefore  give  us  the  quantity  to 
which,  it  feems,  can  amount,  all  the  uncertainty  in  the  iydcreal 
iliurnal  rotation  of  Mars,  which  is  2",34. 

A  nearer  approximation  to  truth  I  hope  to  obtain  at  the  next 
oppoiition^  which  will  happen  about  the  n^iddle  of  July  1 781. 
6  I  nave 
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I  have  vcntiucd  Lo  eiiciihitc  the  times  for  that  oppofillon, 
when  the  edge  of  the  remarkable  dark  fpot  will  be  feea 
near  the  center,  as  it  is  ia  figure  aj,  or,  which  is  the  fame 
thing,  as  it  was  the  iith  of  May  i^y^9  at  i2h.  l7^  The 
fpot  not  being  vifibleat  the  time  of  the  oppofition,  I  have  taken 
the  ncareft  period,  before  and  after,-  in  which  it  will  paTs  over 
the  dilk.  There  is,  however,  a  cireumftance  which  may  make 
the  appearance  of  the  fpot  not  quite  funilar  to  the  figure  1  have 
drawn,  even  though  the  rotations  fliould  perfedly  anfwer  to 
the  times ;  for  the  portion  of  the  a$is  of  Mars  being  ftill  ia 
ibme  meafure  unknown,  I  could  make  ho  allowance  for  a 
change,  which  a  difference  in  the  fituation  of  no  lefs  than  two 
figiis  mny  occafion,  though  in  all  probability  it  will  not  be 
very  conliderable. 

Thofe  who  are  provided  with  proper  telefcopes  will  have  aa 
opportunity  to  iee  how;  hx  the  calculated  times  agree  with  the 
fpot*s  appearance ;  and  it  is  by  this  means  I  alfo  hope  to  correA 
and  improve  the  tables  I  have  drawn  up  for  this  purpofe,  and 
fuitiier  to  approximate  to  a  true  theory  of  the  gyration  of  this 
planet.  '      "  * 

Not  knowing  the  exadk  difference  of  meridians  between 
Greenwich  and  tliis  place,  I  have  calculated  tlie  fpot*s  ap- 
pearance for  the  meridian  of  Bath*  From :  an  eclipfe  or 
two  of  Jupiter's  fatelhtco,  of  which,  by  the  fevour  of  the  Rev. 
Mr.  HORNSiiv,  I  have  feen  correi[)ondent  obfcrvations,  1  iup- 
pofe  the  diiterence  cannot  be  much  lefs  than  9'  weft  of  Green- 
wich ;  and  at  the  fame  time  I  join  an  account  of  the  folar 
eclipfe  of  the  24th  of  }une  1778,  whi<fh  may  <be  depended 
upon  as  a  very  compleat  obiervaUon,  and  may  ferve  to  afccr- 
tain  the  longitude  of  this  place. 

yoL.LXXI.  r  Eclipfe 
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^JEcIipfe  o£  the  fua  obfcrved  at  Batlu 

<^  H.  M.  S. 

Beglnpiiig  by  eqtiscted  or  mean  tnne,.  3  30  10,7^ 
End^/       -         -        -        .it  7^T 

Cafciilations^  or  (as  the  principles  oa  which  tliej  are  founded 
m  fiiikeftaWiilwd  lapon  a  few  obfervations  only,  and  require 
foms  time  for  matiiie  confirm^ion):  I  would-  rather,,  if  £ 
mi^ii  h9  ^omd  the.  cxpFefiTfonv  caU  thfiOf  cakiilatfid  con* 

jeaurcb  of  the  times  when  the  remarkable  daik-ipot  will  ba 
ifien  xieav  the  ceoter  of  tks  diik  o£.  Mars. 

Fo«  June^  J«ly,.  aiwl  Aug^ft*  o£  the  year  1781-1 


1>. 

H.  M.  S. 

JIme  aB^ 

9  48  39 

29c 

10  27  IQ' 

30: 

i*^   5  4* 

Jily  I 

44  I J 

2: 

12  22  32 

3^ 

13  39'  10  > 

14  17  29 

14  55  46 

7 

ijr  34  4 

July  a 

Auguft  3 
4 

5 
6 

I 

9 

10. 


13  23; 

a  II  6 

57 

9  28  48 
10  7  39 
10  46  31 
11:'  25  44 
12  4  56 
12.  44,  9 


]^  bave  the.  honour  to  be^.  tei 
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yi  Sme  Account  of  the  Termites,  which  are  found  m  Africa 

and  other  hot  CUmaies.    In   a  Letter  from  Mr,  Henry 
Smeatlimao*     Clement's  lun,  to  Sir  Jofeph  Baaks«  Bart. 
S» 


ReadFeUniarjr  ij,  i^fls* 

Jan*  2J9  178  c, 

OF  a^reat  many  curvmB  parts  of  |;he  .creation  I  met  with 
on  my  travels  in  that  almoft  unknown  diftri£t  of  Africa 
called  Guinea,  the  termites,  whicli  by  moft  travellers  have 
been  called  WHJTE  ants,  feemed  to  me  on  many  accounts 
mod  worthy  of  that  cxaA  aikl  foiauteiitteuttoa  which  i  have 
bdbiQMi  upmi  thfim. 

Xbe  .amaatin^ly  great  aadXttdden  mJlchief  .they  frequently 
A)  to  the  property  of  people  m  tropical  climates^  makes  them 
well  known  and  greatly  feared  by  the  inhabitants. 

The  Jjz&  aad  igujce  of  their  buildings  liave  attrafted  the 
notifie  of  many  ttaveUor^  and  yet  the  world  has  tOfflt  hitherto 
been  fiirnKhed  wath  «  |»l«rahle  .defqrijfitim  of  .tihon*  .thojugh 
thnrxmnrivanoe  and  ezecutiQafcacoe  ihort  of  .human  inge- 
nuity and  prudence  ;  but  when  we  come  to  confider  the  won- 
tieaul  oeconomy  of  thefe  infe^ls,  with  the  good  order  of  their 
Subterraneous  cities,  the^  will  appear  foretnoil  on  thelifl  of  the 
wonders iif  the-oreatioqf  a8:0»d[l£Uiely  imatatiogiiwik^ 
provident  indu^by  and  f^ular^oYcaHBOcaU 

T  %  Yois 
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You  had  barely  time  to  fee  and  to  admire  fome  of  their 
buildings  in  New  Holland,  and  have  been  pleaied  to  fay,  you 

thiiik.  an-  accurate  account  of  them  would  meet  a  favourable 
reception  from  the  Royal  Society.  That  which  I  now  have  the 
honour  to  prcfcnt  to  you,  is  accurate  and  faithful  as  far  as  it 
goes.  I  hav  e  kept  as^  clofe  to  my  fuhje€t  as  was  In  my  power» 
without  being  obfcure,  or  falling  ihort  of  my  intention;  and 
though  I  have  given  only  the  heads  of  what  I  could  draw  from  j 
my  memorandums  on  the  fubjedl,  they  will  probably  be  found  ■ 
rufficlently  defcriptlve  and  hiftorical  for  the  bounds  of  a  letter.  \ 

The  fagacity  of  thefe  little  infedts  is  fo  infinitely  beyoad 
that  of  any  other  animals  I  have  ever  heard  of,  that  it  is  pofli* 
ble  the  accounts  I  have  here  communicated  would  not  appear 
credible  to  many,  without.fuch  vouchers  and  fuch  corroboradog 
teftimony  as  I  am  fortunately  able  to  produce,  and  are  now 
before  you.  There  are  alfo  many  living  witnefles  in  England 
to  moft  of  the  extraordinary  relations  that.I  have  given,  fo  that 
I  hope  to  have  full  credit  for  fuch  remarks  as  no  one  but  myfelf 
has  probably  had  time  and  opportunities  enough  to  make,  and 
which  are  not  fufceptlble  of  demonilration,  except  in  thofe 
places  where  the  lnfe6ta  arc  found. 

Such  as  they  are,  I  beg  leave  to  lay  them,  with  all  diffidence 
and  himiihty,  before  you  and  that  illuftrious  Body  of  vi^uch 
you  are  Preiident ;  and  if  they  ihould  in  a  fmaU  degree  meet  ■ 
with  apptobadon,  I  fhall  be  exceedmgly  fattsfied; 

Thefe  infeftis  are  known  by  various  names.   They  belong  to 
the  T£KM£S  ui  LiNN.i^us,  and  other  iyileaiatlcal  naturaiifts. 

11a  the  windward  part%  of  Africa  they  arc 
called  Bugga  Bugs, 
In  the  Weft  Indies^  Wood  lact^  WM  AOs, 
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r  A  t  Senegal ,  Vi  ^guc-  Fugues. 
By  the  French,  <  In  the  Wefl  Indies,  Fsux  de  BoJs,  or  Futr* 

1^    mis  Blanches, 
£/  the  Bolms,  or  Sherbro  people.  In  Africa,  Seanfz* 
By  the  Portugueze  in  the  Brazils,  Coupie  or  Cutters^  from 
their  cutting  things  in  pieces. 

By  this  latter  name  and  that  of  Piercers  or  Eaters,  and  fimi- 
lar  terms,  they  are  diiUnguiihed  in  various  parts  of  tiie  tropical 
regions. 

The  following  m  the  ipecific  differenceis,  given  hy  Dr*. 
toLANDfiR,.  of  £ich  inieds-of  dasgemis  as  I  have  obfbrved'and 
colleded. 

t.  TERMES  beUicofus  corpora  fufco,  alis  fufccfccntibus :  colla 

ferruginea,  ilemmatibus  fubluperisocuio  propiu^uis,  pun^o 

centrali'prominulo.  '*  * 

2.  TERMES  /wWtf*  nigricans,,  antennis  pedibufque  teflaceis^ 

alis  fiiliginofis :  are&  marginali  dilatatsi :  coftft  nigricante,. 

^mmatibus  inferis  ocolo  app^oximatis,  puu^  centrali 

imprei]R>i 

J.  TERMES  atrox  nigricans,  fegmentis  abdominalibiis  mar- 
gine  palhdis,  antennis  pedibufque  teftaceis,  alis  fuhgi- 
nofis^:  cofU  nigra,  ilemmatibus  iuferis,  pundo  centrali 

4.  TBtMBS 4^^^^9rn^icaiis»  abdominis linellateraliiuted^. 
antennis-  teftaceis,  alls  hyalinis :  coftft  luteibente^.  iksrn^ 
matibus  fubfuperis,  pando  centrali  obliterato. 

5.  TERMES  arborum  corpore  teftaceo,  alis  fufccfccntibus : 
cofta  lutefcente,  capite  iiigricnnte,  ftemmatibus  infcris 
oculo  approximatis,  pundo  centrali  imprefib# 

Hie  Termites  are  repreiented  by  LiMNAVS  as  the  ^reatefl^ 
plagues  of  both  Indies,  and  am  indeed  eveiy  way  between*  the- 
4:  Xro{ai 
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Tropics  fo  deeaied,  from  the  vail  d  ^niages  tliey  cnufc,  nnd  the 
loiics  which  are  experienced  iiicoiifequence  of  their  catiug  and 
perforating  wooden  buildings,  utenlUs,  and  furniture,  with  all 
kinds  of  houiehold-^ff  aikl  meichasdizCf  which  are  totally 
deilfroyed  by  them,  if  not  timely  prevented.;  for  nothing  lefs 
hard  than  metal  or  flone  can  efcape  their  moil  deftrudtive  jaws. 

They  have  been  taken  notice  of  by  various  travellers  in  dif- 
ifeient  parts  of  the  torrid  zone ;  and  indeed  wliere  numerous,  as 
IS  the  caie  in  all  equinodial  countries  and  iflands  that  are  not 
.fbJly  cultava^,  if  a  pedbn Jias  not  been  .incited  hy  miriofit^  to 
obierve  them,  he  moft  have  hoen  very  Ibirtunate  whci,  after  a 
fhort  refidence,  has  not  been  compelled  to  it  for  thelafety  of 
his  property. 

Thele  infedts  have  generally  obtained  the  name  of  u^nts,  it 
maybe  prefumed,  from  the  (imilarity.in  thstr  jsiauoer 'Cif  liv- 
ing, «vhich  j«,  in  large  communities  that  \sery  oetraordi- 
fiary  nef^s^  Ibr  the  moft'part  on  the-fuefaoe  of  the  ground,  from 
whence  their  excuriloas  are  made  through  fubterraueout.  pallages 
or  covered  galleries,  which  they  build  whenever  necellity 
obliges,  or  plunder  induces,  them  to  march  above  ground,  and 
^  :a  great  diftanoefirdm  their  iiabitadMis  -cariy  on  ft  hu^fs  of 
depredation  and  ^eftru£Uan,  icarce  jcrediUe  hut  *to  ;tkii&  who 
have  iccn  it.  But  liotwithftanding  they  live  in  oammnnities, 
and  are  like  tlic  ants  omnivorous;  though  like  them  at  a  certain 
period  they  are  furnifhed  with  four  wings,  and  emigrate  or  co- 
ionize  at  the  iame  fealbn.;  they  are^by  no  means  the  fame  kind 
cS  infe^^  nor  doos  their  &vmjoamipood«rith  th»t^  ^tOfin 
winy  otic  ^tt'Cf  'thmreaiAoigXf  wfaadi^  Bse-moft  othcriitiedSy 
is  changed  (evvral  thnes. 

The  Termites  refemble  the  Ants  aUo  in  tlieir  provident  and 
diligent  labour,  but  furjpais  them  as  vdl  asithc  «tices»  Wst^^ 
J  iBeaverSy 
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Beavers,  and  all  other  aiiuiials  wliich  I  have  ever  heard  of,  iit 
the  arts  of  buUdiiig, .  as'much  asf  the  Europeans  excel  the  lead 
cultivated  lavages.  It:  is  piore  than  probable  they  excel  them 
asfaiicb  ia  ifagacity.  and^thei  arts-of  ^oveniinent;  It  iscertaiff 
they  (hew  mcyre.  fubftmitial  inftaAces  of  their  ingenuity  and 
iiiduiby  iliau  auy  otlicr  animals  j  and  do  in  fa6l  lay  up  vaft  maga- 
zbes  of  provitioua  and  other  ftores  ;  a  •  degree  of  prudence:  • 
which  has  of  late  years  been  denied,  perhaps  without  reafon,  tO: 

the  Ants. C*^::  ,  '   }  '  ir,  .    '  *  

Such  however  ai«rtlie  extcaofdinciyciirciimibmrdes  attending^ 
Aeir  occonomy  and  fagacity,  that  it  is.  difficult  to  determine, - 
whether  tliey  are  more  worthy  of  the  attention  of  the  curious-  • 
and  intelligent  part  of  xnankind  on  theTe  accounts,  or  iVom. 
the  ruinous.  conre(|\ieace8  >  ^£  their  c  di^predattons,  which  have 
deiervedly  procured  them  the  name  of  Fataiis  or  Defiru&cr:- 
,  As  this  is.  the  cafe,  it  is  a  littlpturprifing  that  an  accurate 
.natural  hiftory  of  thefe.  wonderful   infedls  has  not  been" 
attempted  long  (ince;  efpecially  as,  according  to  bosm an  (who 
Wrote  the  beginning  of-  this  ceutu^)  in  his  defciiption  of  the 
Cooft  of  Guinea*  ibme  curious  cicumilanoes  relative  to  them: 
mufi  hav6  hoen:  known.    According,  to '  that  gentleman,  the 
Kmg  was  fuppoied  toJx  as.  large  as  a  Oray-fifliXO.  .Thte,  though  - 
a  bad  compariion,.  is  pretty  near  the, truth  in  refped  to  the  fize; 
of  the  female, .  who  is  the  Common  Mather  of  the  community  % 

(0  Huugh  Asm  have  no  oectifion  to  lay,  up  floret  ibr  wiiiter;ia  cold  eliiiiat<f» 
tfcejr  ceitain^  miift  and  Uo  cany  great  quantities  of  provisions  into  tkeirneftsto** 
Aed  the  young'  btood ;  aad  molt  probably  pfovide  feme  before  hand  for  ft^^r  of^ 
accents,  which  might  he  fatal  to  the  youug  ones,  who»  like- all  infe^i^  in  thft« 
caterfHllar  lbte,'fln  very  voractdos,  and  cannot  hear  dilappointmeats  oC  long  ^ 
diirntion* 
C*>  MtMiNV  Guinea,  p*' 266b 

TV.  and,. 
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aad,  accx)rcliag  to  the  mode  w6  have  adopted  from  time  imme-' 
aumai  in  fpeakuig  of  Aats  and  Beea,  the  oyEBK. 
:  .Thdie  Gommonities  codfift  of  one  iimif  and  one  fimak  (who 
are  ^eraliy  the  common  pargnft  of  the  whde,  or  ^^reater  part, 
of  tlicrcft),  and  of  three  orders  of  infeits,  apparently  of  very 
djlicreiit  fpecies,  but  really  the  fame,  which  together  compofe 
great  commoaweaithi>  or  jrather  mooarchies,  if  1  may  be  al- 
lowed the  term* 

The  great  ljnnaus,  liaving  ieen  or  lieard  of  but  two  of 
thcTe  orders,  ins  ckfled  the  genus  erroneovfly ;  fer  he  has  placed 
it  among  the  /IpUra^  or  infects  without  wings ;  whereas  the 
chief  order^  that  is  to  fay,  the  info^  In  its  perfe£i  ilate, 
hanrkig-  £>ur  wings  without  any  Aing,  it  belongs  to  the 
Nenraptera'^  in  which  claisit  -will  cooHitute  -a  fwfw^nos  of 
Qiany  fpedes^l. 

The  different  fpecies  -ef  this  ^nus  refembfc  cadi  other  in 
form,  ui  their  manner  of  living,  and  in  then-  good  and  bad 
qualities  :  but  differ  as  much  as  birds  in  the  manner  of  build* 
ing  thor  habitationsior  ueftB^  and  in  the  ehoice  «f  the  mate- 
iials  of  they  nonqpde  them. 

There,  ane  ibme  Ipecies  winch  bvUd  'tipon  the  fnrface  of  the 
ground,  or  part  above  and  part  beneath,  and  one  or  two  Ipecies, 
•perhaps  more,  that  {>iiild  on  the  fl^ms  or  branches  of  treef,' 
ibmBtkoes  aielt  at  a  vail  i^ighe.  -   

(^)T  hnvc  no  dotibr,   fr  ni  die  account  and  figurei  given  of  th*  Earopcao 
•  Tcrir.c:  Pnlfntnrius,  or  Dcr.th  Wat<!h,  by  the  i!!xiflrio\js  ^Kucng  de'OSRb,  in  hia 

ibveoth  vohimc  of  Memon  es  pour  Jeri  ir  a  V  Hijhhr  .'fer  hifeffes^  that  ia  their 
J>erieft  Hate  they  hr/e  wings,  and  fwarm  or  emigrate,  and  li\  c  in  a  naaoner  analo- 
to  thofc  of  hot  climates ;  for  they  fccm  to  have  quite  the  external  form  of 
^be  exotic  Termes,  that  is  to  fay,  of  the  iirft  and  third  ordofv^Mk  CGU^  Mo* 
|PfiirC«»  tOBU  Vll.  p^45.  pU  IV.  fig.  i«  4^.  5,  &  4« 

Of 
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the  Tefoutes  of  Africa  and  oib^r  hot  QimUs*       1 45 
Of  every  fpecies  there  are  three  orders;  firft,  the  working 

infe£ls,  which,  for  brevity,  I  (hall  generally  call  labourers ; 
■next  the  fighting  ones,  or  folJlers,  which  do  110  kind  of 
labour;  and,  lafl  of  all,  the  winged  ones,  or  pcrjc^  mje^s^ 
which  are  male  and  female,  and  capable  of  propagation. 
Thefe  might  very  appoiitely  be  called  the  noHIhjf  or  gentry^ 
£>r  they  neither  labour,  or  toil,  or  fight,  being  quite  incapable 
ot  cither,  and  alnioft  of  fclf-defence.  Tiicic  onlv  are  capable 
of  being  elc<Sled  kings  or  queens  ;  and  nature  has  lo  ordered  it, 
that  they  emigrate  within  a  few  weeks  after  thqr  are  elevated 
to  this  ftate,  and  either  eihibliih  new  kingdoms,  or  periih 
within  a  day  or  two. 

The  Termes  belUcofus  being  the  largeft  fpecies  is  moft  le- 
markabie  and  beft  known  on  the  Coaft  of  Africa.  It  cre€ls 
immeiil'e  buildings  of  well- tempered  clay  or  earth,  which  are 
contnved  and  finifhed  with  fuch  art  and  Ingenuity,  that  we  are 
at  a  bfs  to  isiy,  whether  they  are  moi^  to  be  admired  on  that 
accpunt,  or  for  their  enormous  magnitude  and  fblidity.  It  is 
from  the  two  lower  orders  oi  this,  or  a  fimilar  fpecies,  that 
LINNAEUS  feems  to  have  taken  his  defcriptioii  of  the  Termes 
Faialis ;  and  moft  of  tlie  accounts  brought  home  from  Africa 
or  Aiia  of  the  white  Ants  are  alio  taken  fjym  a  ipecies  that 
are  fo  much  alike  in  external  habit  and  iizet  and  build  £0  much 
in  their  manner,  that  one  may  almoft  venture  to  pronounce 
them  mere  variations  of  the  fame  Ipecies. 

The  reafon  that  the  larger  Termites  have  been  moft  remarked 
is  obvious ;  they  not  only  build  larger  and  more  curious  nefts, 
but  are  alio  more  numerous,  and  do  infinitely  more  mifchief  to 
mankind.  When  thefe  infe£ls  attack  fach  things  as  we  would 
notwifh  to  have  injured,  \vc  mull,  coiilidcr  thciii  jnoil:  perni- 
cious; but  when  they  are  employed  in  deftroying  decayed  trees 

VoL,LXXL  U  and 
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and  fubfhnces  which  otil^mGticnber  the  furface  of  the  eaitfai. 

they  may  bejuftly  fuppofed  very  nfeful,  and  tor  the  icafon  tha 
they  are  iii  one  fenle  moil  pernicious,  tiiey  are  in  the  other  mo{t 
nfeful.  In  this  refpedl:  they  rcfemble  very  muck  the  commoaFlies^ 
whick  are-regarded  by  mankind  in  general  as  boiuou8>  and  at 
heft  as  liielefs  benigs  in  the  cxeation.;  but  this  is  ceminly  for 
want  of  coniideration.    There  are  not  probably  in  all  nature 
animals  of  more  importance,  and  it  would  not  be  difficult  to 
prove,  that  we  ihould  feel  the  want  of  one  or  two  fpeciei 
of  large  quadrupeds,  muck  lefs  than  of  one  or  two  fpecies; 
of  theie  de(t»icabIe-looking  ]n(e£b*   IVfankind'  in  general  are 
fenfible  that  nothing  is  mere  dtfagreeable,  or  more  pe(H- 
ivrous,  than  putrid  iubilaiices;   and  it  is  apparent  to  alt 
who  have  made  obfervatioii,.  that  thofe  little  mfe£ls^  contri* 
bute  more  to>  the  quick  dtiTolutlon  and-  diiperfion  of  pu- 
trefixnt  matter  than  any  othen   They  arc  lb  necefiary  in  all! 
hot  climates,  that  even  in  the  open  fields  a.  diead'  animal  or 
fmall  putrid  lubflancc  cannot  be  laid  upon  the  ground  tw'o  mi* 
nutes  before  it  will  be  covered  with  Flies  and  their  Maggots^, 
which  inftantly  entering  quickly  devour  one  part,  and  per^ 
fbrating  the  reft  in  various  diredioBSft.  expofe  the  whole  to  be^ 
much  iboner  di(lipated:by  the  elements.  Thus  it  is  with  the  Ter«- 
mites the  rapid  vegetation  in  hot  diinates,  of  which  no  idea  can. 
be  formed  by  any  thing  to  be  feen  in  this^  is  equalled  by  as  great 
a  degree  of  dedru^iun  from  naturalas  well  as  accidental  caufes^^L 
It  ieeihs  apparent,  that  when  any  thing  whatever  is  arrived! 
at  its.  lail:  degree  of  per£sdion».  the  Creator  has  decrjeed  it  ihalJ; 

TJw  Guinea*  grafi),  which  u-  fo  well  kaowa  tmd  fi»  miich  efkenediy  ow 
pUntcfs  m  the  Weft  Indki,  gnws  fai  Afrin  chirteeD  feet  l^h  upon  an  tver»ee». 
which  height  it  ittuDt  ia  aboui  five  or  fix.iMathi:j  and  the  ^rowth.of  nany  other 
flam*  it  AS  qiuclct. 

be 
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be  totally  deftroyed  as  foon  as  poflible,  that  the  face  of  nature 
may  be  fpeedlly  adorned  with  frefli  produdtiohs  in  the  bloom  of 
fpring  or  the  pride  of  funffmer :  fo  when  trees,  and  even  woods, 
are  in  part  'dcftroy  d  '  y  tornadoes  or  fire,  it  is  Tinofiiderful  to  ob- 
ferve,  how  many  agents  are  employed  in  haftening  the  total 
diflblution  of  the  refl"  (?) ;  but  in  the  hot  climates  there  are  none 
fo  expert,  or  who  do  their  butiacfs  fo  expedltiouflyand  efie^tually, 
as  thefe  in£:^s>  who  in  a  lew  weeks  deftroy  and  cariy  away  the 
Mies  of  large  trees,  without  leaving  a  parttde  behind,  thus 
clearing  the  place  for  other  vegetables,  whkhfbon  fill  up  ev  er7 
vacancy  ;  and  in  places,  where  two  or  three  years  before  there 
has  been  a  populous  ^own,  if  the  inhabitants,  as  is  ^equently 
the  cafe,  have^choien  to  abandon  it,  tiierelhaU  be  a  very  thick 
wood,  and  not  the  vefiige  of  a  poft  to  be  iees,  unlefs  the  wood  has 
been  of  a  fpecies  which,  from  its  liardneis,  is  called  iron  wood* 

My  general  account  of  the  Termites  is  taken  from  obferva- 
Ijons  made  on  the  T trmes  bellkofus^  to  which  I  was  induced  by 
<be  greater  fidlity  and  certainty  with  which  they  could  be  made. 

The  aeAs.of  this  fpecies  are  4b  nttmerous  all  over  the  ifland 
«f  Bananas,  and  the  adjacent  continent  of  Africa,  that  it  is 
fcarce  polliblc  to  ilaiid  upon  any  open  place,  fuch  as  a  rice 
plantation,  or  other  clear  fpot,  where  one  of  thefe  buildings 
is  uot  be  feen  within  fifty  paces,  and  frequently  two  qx  three 
are  to  be  feen  almoft  dofe  to  each  other.  In  fome  parts  near  Se- 
negal, as  mentioned  by  Monf.  adansow,  thar  number,  mag- 
nitude, 3aA  <:lofeners  of  (ituatlon,  make  them  appear  like  the 
t  illages  of  the  natives  aixi  you  have  yourfelf  feen  them 
perhaps  (liU  more  numerous^  though  not  fo  large,  in  New 
HoUaniL  ^  Thefo 

(5)  See  STi&UHon«Bt*t  Trad*. 

(i)  M  But  of  the  «ztnordiiiai7  tkbip  I  obfemd,  nothing  llnick  aw  mora 
^  Ibaa  etftaia  omiaiDoei,  whidif  faj  tjuax  lieight  and  regidari^,  nude  ne  take 

U  a  tlicm 


Thefe  biuldings  arc  ufually  termed  hlUa,  by  natives  as  well* 
as  ftraiigers,  from  their  outward  appearance^  which  is  that  o£ 
Ikde  hills  more  or  lefs  conical,  generally  pretty  much  in  the 
form  of  fitgar  loaves,  and  about  ten  or  twelve  feet  in  perpen* 
iUcular  height  above  the  commoafur&ce  of  the  ground  C^V 
'  tab.  VJL  %.  I*. 

Theffl 

tbtoft  ata  diihuice  for  an  aiTcmblage  of  negroes  hut&  or  t  confidenilile  vilTaget* 

and  yet  tbejr  were  only  the  nefli  of  certain  infers.    Thev  nrc  rotind  pyramidi. 

from  eight  to  ten  feet  high,  upon  nearly  the  fame  baie,  with  a  iinooth  fiufice. 

of  richcltyt  ezceffively  hard  and  well  built."'  a-dakson'«  Voyage  to Ccnegilt. 
8vo,  p.  1^3 — 357.   Voyage  de  Smegai,  410^     83  and  99. 

Note.  What  Mr.  ADANSOK.fay»  of  the^  opening  which  gives  ingreia  and  regreft* 
ia  jaaoifeftly  a  miAake^  ariling  from  the  natural  conclofioa  that  thofe  iaiSe&s  ludr 
Irane  way  out  and  in  to  their  neils^  without  examining  where  it  ^vas.  Ifuitlr 
jtppear  by  thit  account,  tliat,  they.have  numy  choufiDd  ways  out  and  in,.butaU' 
Hibterrancou*; 

(7)  joRSON|  in  \\n  Hi^lory  of  Gnnnbh,  fays,  The  Ant  hills  arc  rcmnrXaWc* 
'*  caft  up  in  thofe  parts  by  Pitmires,  lome  nf  them  twenry  font  in  height,  of! 

compaffc  to  coiitaync  a  dozen  men,  with  the  heat  of  the.  Ian  baked  into  that 
*'  hiTdnrfTc,  that  wc  iiffd  to  hide  ourfclvcs  in  the  ragged  toppca  of  them,  whem 
**  we  took  up  funds  to  Ihooc  ac  deeteor  wiid-beaU^^*^  funcHA&'s  Pilgrims,  .voL- 
H.  p.  iJ/O" 

(8)  *♦  The  Ants  make  ncfts  of  the  earih  about  tw/c*  the  height  .t^.  avian  J*" 
aoSMAN's  Dcfcription  of  Guinea,  p^  276 — 493. 

The  hibo-.ircis  nre  not  q.iitc  ;i  quarter  of  an- iiKh  in  leirgth;  however,  fbrr 
tbt  fake  of  avoiding  h  .ntions  und  of  comparing.thcm  and  their  buildings  with  ' 
thofe  of  mankind  nn>ri-  ciuly,  I  eftimate  their  len«;th  or  height  fo  much,  and' 
the  huni.ui  irtindarduf  length  or  htight,  a'.u;  ro  avoid  nai'^tions,  at  hx  icct,  which' 
is  likc\viic  above  the  height  o£  men.  li  dicrtouc  labourer  is  to  one-fourth  of^ 
an  inch  r^to  fix  feet,  four  bho'.ircrs  are  zz  to  one  ioch  ia  height  "  24  feec«. 
which  naultiplied  by  12  inches,  gives  the  comparative  height  of  a  foot^of  tlidrr 
building.  =  aSS  feel'of  tboliuilduig  of  men,  whidi  mt^ciplted'by  iofeet,the  fup>* 
pc^cdavetagc  height  of  omof  tlMir  nefts  is  sr-aSSd  of  our-fee^  wMehit  ifofcct 
more  chaa  balf  a  mile,  or  near  five  timetihe  height  of  the  greac^gfrnud  }  and,  an  it 
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■  Thcfc  hills  continue  quite  bare  until  they  are  fix  or  eight  feet 

high  ;  but  in  time  the  dead  barren  clay,  of  which  they  are 
compoied,  becomes  fertiUzed  by  the  genial  power  of  the  cle* 
mentS'in  thde  prolific  climates,  and  the  addition  of  vegetable 
j^ts  and  other  matters  brought  by  the  wind ;  and  in  the  iecond' 
or  third  year,  t^e  hillock,  if  not  ovcr-fliaded  by  trees,  becomes, 
like  the  reft  of  the  earth,  ahiiofl:  covered  with  grafs  and  other' 
plants;  and  in  the  dry  feafbn,  when  the  herbage  is  burnt  up 
by  the  rays  of  the  fun,  it  is  not  much  unlike  a  very  lai^- 
lBy-cock.<'''>*. 

Every  one  of  thefe  buildings  confiAs  of  two  S£im€t  parts,- 
tke  exterior  and  the  interior. 

The  exterior  is  one  large  (hell  in  the  manner  of  "a  dome, 
large  and  itrong  enough  to  inclofe  and  fhelter  the  interior  from* 
the  viciffitudes  of  the  weather,  and  the  inhabitants  from  the 
attacks  of  natural  or  accidental  enemies*  It  is  always,  there* 
fore,  much  ftronger  than  the  interior  bulling,  which  is  the 
hubiUble  part  divided  with  a  wonderful  kind  of  regularity  and 
contrivance  into  an  amazing  number  of  apartments  for  the 
xdidenoe  of  the  Aing  and-  ^uetn,  and  the  nurfing  of  their  na« 

11  pmp<vrtionabTy  wide  at  the  bafc»  a  p^rcit  many  times  its  folid  content?.  If  tc  tht« 
Ccmparifon  we  join  that  of  the  time  in  which  the  diifercnt  buildings  arc  erected,, 
and  confidcr  the  Termites  as  railing  theirs  in  the  courfeof  three  or  lour  years,  the 
iitnutality  of  their  %Torks  fets  tiic  boaaed  magnitude  of  tlie  atuicnt  wonders  of 
the  world  in  a  iiiufr  tl  liUiutivc  poiat  of  view,  and  gives  a  fpecimen  of  induftry 
and  enterprize  as  much  beyond  the  pride  and  ambiuoa  of  men  as  St.  Faui't 
Cathedral  exceeds  an  Indian  hut. 

(lo)  See  a  figure  of  one  of  thofe  oefif  in  lALMOic'c  Uoiverfal  TnveUer,  in  the 
^nap  of  Gambia,  where  it  it  called  a  Pffinire  Hill  s  them  ii  rUo  a  figure  of  one 
ol  ifii  labouring  ink£U ;  bilt'at  thie  -hill  it  repitftftted  below  all  proportion,  and  '< 
ibe  wMt  nthar  larger  than  life,  it  givcf  •no  idea  of  the  balding.  I  hare  not  been ' 
ikUjo  fiad-oot  from  what  author  iaimom  took  this  fignre  1  -  and 'it  ia  the  only  ono: 
IhaveoHtwithv 

meroua 
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merous  progeny;  or  for  xnagazines,  which  arealura^s  IbUiid 
well  filled  with  ftores  and  proviiioos. 

I  {hill  forbear  at  this  time  entering  into  a  very  nunute 
account  of  the  infidc  of  thcfe  wonderful  buildings,  as  the  bare 
recital  might  appear  tedious ;  though  I  flatter  myfclf,  that 
when  1  iiav  e  an  opportunity  nf  communicatiag  it  to  the  publick 
at  large,  the  readers  will  follow  me  thfoiigh  an  exa&  deiferip* 
tion  of  them  with  pleafure. 

The{e  hills  make  their  fird  wpptisirince  above  ground  by  a 
litilc  turret  or  two  m  ilie  ih  ipe  of  liigar  loaves,  which  are  run 
a  foot  high  or  more  ("I  Soon  after,  at  fome  Iktle  diftance, 
while  the  former  are  increafing  in  height  and  fize,  they  raiib 
others,  and  ib  |p  on  inmafing  the  number  and  widening  cfaem 
at  the  baie«  till  their  works  below  are  covered  with  theie 
turrets,  which  they  always  raifc  the  highcft  and  hrgefl  in  the' 
middle,  and  by  filling  up  the  intervals,  hfitweeu  ^each  turret^ 
colled  them  as  it  were  into  one  dome. 

Th^  ajHB  not  very  curious  or  exad  about  thcfe  turitts^  ex- 
cept it  making  th^m  vety  iblid  and  ftrong,  and  when  by  die 
jundion  of  them  the  dome  is  eompleated,  for  which  purpofc 
the  turrets  anhvcr  as  (cafi-olds,  they  take  away  the  middle  ones 
entirely,  except  the  tops  (which  joined  together  make  the 
crown  of  the  cupola)  and  apply  the  clay  to  the  building  of  the 
works  within,  or  to  ereding  freih  turrets  for  the  purpole*  of 
raifing  the  hillock -flill  higher;  fo  that  no  doubt  Ibme  part  of 
the  clay  is  iiled  fcveial  times,  like  the  boards  and  polls  of  a 
fnafQu*^  fcaiiuld. 

('0  Some  of  tbefe  tiurrett  sre  fi^Ksefent«d  in  tlie  'new  ef  thnr  bHU,  (tah* 
VII.  Hg.  3  ).  I  have  (een  turreti  oa  «iie  fidoi  of  th«fe  Milt  Imr.or  live  £Mt 
JMfli  (ub.  VII,  fig.  I,  a.  a.  a.), 
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When  thefe  hills  are  at  about  little  more  tlian  half  their  height, 
ki»  always  the  pra<£tice  of  the  wild  bulls  to  ftaiid  as  centinelsupoti 
them,  while  the  reft  o£  the  herd  is  ruminating  below  (tab. 
VIL).  They  are  ^bfEcientlyftrong  for  that  purpofe,  and  at  their 
full  height  anfwer  excellently  as  places  to  look  out.  I  have 
been  with  four  men  on  tile  top  of  one  of  thefe  hillocks* 
Whenever  word  was  brought  us  of  a  veflel  in  light,-  we  imme- 
diately raa-  t^fome  Bugga  Bug  hiU^  a«>  they  arexalled,  and 
chunbeiedvpto  get  a  good  view^  for  upon  the  common  furface 
it  was  ieldbm  poflible  to  fee  over tlie  graft  or  plants,  which,  in 
fpitc  of  moiulily  brufhiugs,  generally  prevented  all  horizontal 
views  at  any  diftnnce. 

The  outward  iheli  or  dome  is  not  only  of  uie  toprotef):  and 
fiapport  the  interior  buildings  from  external  violence  and  the 
fceavy  rains;  biit  to colleft  and'  preferve  a  regular  degree  of 
genial  waiinth  and  muiilure  which  fecms  very  necefiary  for 
hatching  the  eggs  and  cheriihing  the  young  ones. 

The  rojiai  chamber^  which  1  call  fo  on  account  of  its  being 
adapted  for»  and  occupied  by,  the  king  and  queen^  appears  to 
be  in- the  opinion  of  this  little  people  of  the  moft  confequence, 
being  always  fituated  as  near  the  center  of  the  interior  building 
as  poffible,  and  gciierallv  about  the  height  of  the^coin men  fiir- 
&ce  of  the  ground^  at  a  pace  or  two  £rom  the  hillock.  It  Is 
ahraya  nearly  in  the  ihape  of  half  an  e^  or  an-  obtu(e  oval 
within,  and' may  be  fuppofed.to  repreient  a  long  oven  (tab* 
Vin.  fig.  i.andi.). 

In  the  infant  Ihite  of  the  colony,  it  is  not  above  an  iiicli  or 
thereabout  iu  length ;  but  in  time  will  be  increaied  to  fix  or 
eight  inches-  op  more  in  the  clear,  being  always  In  proportion  to 
the  iize  of  the  qmeny  who,  increafing  in  bulk  as  in  age,  at 
length  requires  a  chamber  of  fuch  dimenlions. 


t^z  Mr.  smeathman's  Account  of 

This  imgular  part  would  bear  a  long  ddbription,  wUdi  I 
(hall  not  trouble  you  with  at  prefent,  and  only  obferve,  that 
its  floor  is  perfedly  horizon  tal ;  and  in  large  hiiiocks,  lome- 
times  aii-iuch  thick  and  upward  of  loiid  clay.  The  roof  alfo, 
^hich  is. one  folid  and  well-turned  oval  arch,  u  geoerally  of 
About  Cbe  iame  fblidity,  but  in  fome  places  it  is  not  a  quarter 
of  an  inch  thick,  this  is  on  the  ^dcs  where  it  joins  the  floor 
(tab.  VIII.  fig.  I-  a.  a.),  and  where  the  doors  or  entrances 
are  made  level  therewith  at  pretty  equal  diilances  from  each 
4>ther  (tab.  VllL  %.  2.  and  4..  b.  b.) 

TJiefe  entrances  will  not  admit  any  animal  ktger  than  the 
foldters  or  labourers,  (b  that  the  lung,  and  the  queen  (who  is,  at 
full  fzc,  a  thoufand  times  the  weight  of  a  king  J  caii  never  pof- 
•iibjy  go  out. 

The  royal  chamber^  if  in  a  large  hillock,  is  furrounded  by 
an  innumerable  quanti^  of  others  of  different  iizes,  lbape$» 
and  dimenfions ;  but  all  of  them  arched  in  one  way  or  another^ 

fometimes  circular,  and  Ibmetimes  elliptical  or  oval. 

Thefe  either  open  into  each  other  or  comnivinlcate  by  paf- 
fages  as  wide,  and  being  always  empty  are  evidently  made  for 
the  ibldiers  and  atteadants,  of  whom  it  will  foon  appear  great 
numbers  are  neceflfary,  and  of  oourfe  always  in  waiting. 

Theie  apartments  are  joined  by  the  magazines  and  nurleriea. 
Tlie  forir.L;  arc  chambers  of  clay,  and  arc  always  well  filled 
with  provifions,  which  to  the  naked  eye  feem  to  confift  of  the 
rafpings  of  wood  and  plants  which  the  Termites  deilroy,  but 
are  found  in  ^e  miierolcopi^  to  be  principally  the  gums  or  iu- 
fpiflated  juices  of  plants*  Thefe  are  thrown  together  in  little 
maflies,  fbme  of  which  are  finer  than  others,  and  referable  the 
fugar  about  preferved  fruits,  others  are  like  tears  of  gum,  oae 
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q^jite  tranfparent,  another  like  amber,  a  third  brown,  and  a 
fourth  <juite  opaque,  as  we  fee  often  in  parcels  of  ordinary 
gums. 

Thefe  magailnes  are  intermixed  with  the  nurfeties,  which 
are  buildii^  totally- difierent  from  the  reft  of  the  apartments : 
for  thcfearccomporedentirely  of  wooden  matertats,  feemlngly 
joined  together  with  gums,  fcall  them  the  ntirfertes  bccauft 
they  are  invariably  occupied  by  the  eggs,  and  young  ones,  wlilch 
appear  at  firft:  in  the  Ih^ipe  of  labourers,  but  white  as  fnow. 
Thefe  buildings  are  exceeding  compadti  and  divided  into  many 
very  fmall  irregular-fhaped  chambers,  not  one  of  which  is  to 
be  -found  of  half  an  inch  in  width  (tab.- VIIT.  fig.  5 . ) .  They  aro 
placed  all  round  the  royal  apartments,  and^as  near  as  poflible  to  • 
them. 

When  the  ntft  is  in  the  infant  ilate,  the  nurfcrles  are  cloft^ 
to  the  royal  chamber ;  but  as  in  procefs  of  time  the  queen 
enkirgeSj  it  is  Ticceflary  to  enlarge  the  chamber  for  her  accom-* 
modation  ;  and  as  (he  then  lays  a  greater  number  of  eggs,  anci 
requires  a  greater  number  of  "attendants^  ib-  it  is  neceflary  to 
enlarge  and  encreafe  the  number  of  the  adjnccnt  apartments  ; 
for  which  purpofe  the  fmall  nurferics  which  are  firft  built  arc 
taken  to  piecc'^,  rebuilt  a  little  farther  off  a  (ize  bigger,  and 
the  number  of  ttlem  £ucreaied  at  the  fame  time. 

Thus  they-  contiaually<«nlargB  their  apartments,  pull  down« 
repair,  or  rebuild^  according  to  their  wants,  with  a  degree  of 
fegacity,  regularity,  and '  fbrefight,  not  even  imitated  by  any 
other  kind  of  auiiuals  or  InfcLls  that  I  liave  yet  heard  of. 

There  is  one  remarkable  circumflancc  attending*,  the  niir- 
feries,  which  I  muft  not  at  this  time  omit.  They  are  always 
found  nightly  overgrown  with  wotf/t/ (tab.  V III.  fig.  6),  and 
plentifully  fprinkled  with  fmall  whtte  globules  about  the  (ize 
o£  a  fmall  oin's  head*   Thefe  at  firft  I  took  to  be  the  eggs ;  but, . 
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en  bringing  them  to  the  imcrofcope»  they  evidently  appeared  to 
be  a  ipecies  of  mtiflirooniv  in  ihape  like  our  eatable  mufh* 

room  in  the  young  ftatc  in  which  it  is  pickkd  (tab.  Ylll.  fig.  7,), 
They  appear,  when  whole,  white  hkc  fnow  a  little  thawed' 
and  then  frozen  again,  and  when  bruifed  feem  compofed  of  an 
infinite  number  of  j[^Uucidparticle$»  approaching  to  oval  fbrms> 
and  difficult  to  feparate ;  the  mouldinefs  feems- lileewiie  to  be. 
the  fame  kind  of  fubftancct'*V 

The  mirfcrics  are  liiclofed  in  chambers  of  clav,  like  thofe 
which  contain  the  provilious,  but  much  larger.   In  the  early 
ftate  of  the  ned  they  ase  not  lugger  than  >an  hazel-nut*,  but  int 
great  hills  are  often,  as  large  as  a  child V  head  of  a  year  old 

The  difpofition  of  the  interior  parts  of  thefe  hills  is  pretty 
much  alike,  except  when  fome  iuiurmountable  obHacle  prevents; 
for  inftancc,  when  the  king  and  queen  have  been  firft  lodged  near 
the  foot  of  a  rock  or  of  a  tree,  they  are  certainly  built  out  of  the 
iifual  form-,  otherwi&  pretty  nearly,  according  to  .the  foUovving 
plan. 

The  royal  chamber  is  fituated  at  about  a  level  with  thefur*- 
face  of  the  ground,  at  nn  equal  dillar.cc  from  all  the  iides  of 
the  building,  and  diredly  under  the  apex  .of  the  hill  (uUYU.- 

6g-  2.  A.  A  ). 

('■■)  Mr  Ko::io,  who  lias  examined  thefc  kind'of  ncfts  in  the  Erift  Indies,  in  an- 
l.lV.iy  upon  the  Termites,  rc.id  before  the  Society  of  Naturalifts  of  Berlin,  con- 
jtft  ires,  thit  thcie  mullaooms  arc  the  food  of  the  roung  infe<5b.  ThUfuppofition 
implies,  that  the  old  ones  have  a  mcrbod  of  providing  for  and  promoting  ihcir 
growth;  a  c::cu:Mibn:e  which,  l.o-.  cvci-  urn;;gc  to  thqls  unacquainted  with  the 
fij^acityof  thefc  Inft(5>s,  1  ..  ill  \  cntiirc  to  fay,  fronunany.  other  extraordiaar/  fa£U 
I  havc  fccn  of  ihcni,  is  no:  vcjy  improl 

N.  H.  M/.KOKichas  cot  difcovcitd  the  nr.a^izincs  of  provifions  in  the  neft« 
whkh  he  opened,  ai  far  a»  1  am  informed  ;  but  1  niuft  obfervc  here,  that  what  I 
iMve  learned  uf  this  geritlemaa's  .iccouot  was  from  an  cxlcmj^^ore  trunilatiuD  of  tho 
bead*  of  it. 
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It  is  ou-  ail  fidesy  both  above  and  below,  furrounded  hy 
what  I  fhould  call  the  royal  apartmcHts^  -wbXch,  have  only  la- 

l>ourers  and  foldiers  in  them,  andean  be  intended  for  no  other 
piirpolc  than  for  thcfc  to^wait  in,  cither  to  guard  or  ferve  their 
common  father  and  mother,  on  whofe  fafety  depends  the 
happinefs,  and,  according  to  the  negroes,  even  the  exigence 
of  the  whole  community. 

Theie  apartments  compoie  an  intricate  labyrinth,  which'  ex-  - 
tends  a  foot  or  more  in  diameter  from  the  roval  chamber  .on 
every  iide.  Here  the  nurferies  and  magazines  of  provilions  be- 
gin, and,  being  feparated  by  fmall  empty  chambers.and  galleries, 
which  go  round  them  or  communicate  firom  one  to  the  other, 
us  continued  on  all  fides  to  the  outward  fhell,  and  reach  up 
widiin  it  two-thirds  or  three^fburths  of  its  height,  leaving  an 
open  area  in  the  middle  under  the  dome,  wliich  very  much 
rclc'm!^l"<^  the  nave  of  an  old  cathedral :  this  is  furrounded  by 
three  or  four  very  large  Gothic-fliaped  arches,  which  are  fomc- 
times  two  or  three  feet  high  next  the  front  of  the  area,  but 
dbuoiih  very  rapidly  as  they  recede  from  thence  like  the  arches 
of  aifles  in  perfpe6tives,  and  are  fbon  loft  among  the  innume* 
rable  chambers  and  nurferies  behind  them. 

All  theie  chambers,  and  the  pafiages  leading  to  and  from 
them,  being  arclied,  they  help  to  fupport  one  another ;  and 
while  the  interior  laige.  arches  prevent  them  filing  into  the 
center,  and  keep  the  area  open,  the  exterior  building  fupports 
them  on  the  outlide. 

There  are,  -comparatively  fpeaking;,  few  openings  into  the 
great  area,  and  they  for  the  mpit  part  feem  intended  only  to 
admit  that  genial  warmth  into  the  nnricries  which  the  dome 
odleds* 
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Tb»  iiTtenor  boildiogior  afiemblage  of  nurieries^  chambersy, 
Uc.  has  a  DattUh  top  or  roof  without  any  perforation,  which 

w  oOld  keep  the  apartments  below  dry,  in  cafe  through  accident 
the  dome  fhould  receive  any  injury  ami  let  in  water;  and  it  is 
never  exactly  flat  and  uniform,  becaufe  they  are  always  adding 
to  it  by  building  more  chambers  and  nurferles :  fo  that  the 
divifions  or  columns  between  the  future  arched  apartments  re* 
iemble  the  pinnacles  upon  the  fronts  of  ibme  old  buildings, 
and  demand  particular  notice  as  affording  one  proof' that  for  the 
moft  part  the  inkcts  proje^Tt  their  arches,  and  do  not  make  them^ 
as  I  imagined  for  a  long  time,  by  excavation  (tab.  Vll.  fig.  2.  b  ). 
.  The  area  has  alio  a  flattiih  floor,  which  I^s  over  the  royai 
chamber,  "but  fbmetimes  a  good  he%ht  above  it,  having  nurfe- 
ries  and  magazines  between  (tab.  VII.  fig.  2.  c.)..  It  is  likewise 
water- proof,  and  contrived,  as  far  as  1  could  gucfc^,  to  let  the 
water  off,  if  it  Oiould  get  in,  and  run  over  by  lomc  fhort  ^vay 
into  the  fubterraneous  paffagcs  which  run  under  the  lowcft  ap- 
artnoents  in  the  hill  in  various  dtredfcioos,  and  are  of  an  aftoniih-* 
ing  Hze,  being  wider  than  the  bore  of  a  great  cannon.  li^vea 
memorandum  of  one  I  meafured,  perfectly  cylindrical,  and 
thirteen  inches  in  diameter  (tab.  VII.  fig.  2.  D.  D.). 

I'hefe  lubterraneous  pafl'ages  or  galleries  are  lined  very  thick 
with,the  fame  kind  of  clay  of  which  the  hill  is  compofed|,  and 
afoend  the  infide-of  the  outward  (hell  in  a  fpiral  manner,  and* 
windmg  round  the  whole  building  up  to  the  top  interleft  eack 
other  at  different  heights,  opening  either  immediately  into  the 
dome  in  various  pLxes,  and  into  the  interior  building,  the  new 
turners,  .&c.  or  communicating  thereto  by  otber  gailerio&  of 
difi^rent.hores  or  diameters^  either  circular  or  ovaL 

From  every  part  of  thefe  large  galleries  are  various  Imali 
pipes  or  galleries  leading  to  <Mecent  parts  of  the  building 
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Uiider  ground  there  are  a  great  many  which  lead  downward  by 
doping  de(cent8  three  and  four  feet  perpendicular  among  the 
■gravd,  from  whence  the  labouring  Termites  cull  the  finer  parts, 

-whiuh,  bLiiig  v,  cikcJ  up  ill  their  mouths  to  the  coniillence  of 
mortar,  bccomt^s  thnt  folid  clay  or  flo!ic  of  which  their  hills 
and  all  their  buildings,  except  their  nurferies,  arccompoicd- 

Other  galleries  again  afcend  and  lead  out  horizontally  on 
eveiyiide,  and  are  carried  under  ground  near  to  the  fur^ce  a- 
vaft  diftance :  fi>r  if  you  deHroy  all  the  neft&  within  one  hun* 
dred  yards  of  your  houfe,  the  inhabitants  of  thole  which  m  e 
left  unmoleiled  farther  off  will  ricverthelefs  carry  on  their  fiib- 
terraneous  galleries,  and  invade  tha  good&  and  flierciiandizes- 
contained  in  it  by  fap  andmuie^.  and  do  greatnoifchief,  if  you^ 
are  not  vtiy  circumfpe£)i. 

But  to  return  to  the;  cities  from  whence  diefe  extraordlnaiy 
expeditions  and  operations  originate,  it  feems  there  Is  a  degree 
of  neceflity  for  the  galleries  under  the  hills  being  thu?  huge, 
being  the  great  thoroughfares  for  all  the  labourers  and  foldiers 
going  forth  or.  returning  upon  any  bufiuefs  whatever^  whether 
fetching  clay,  wood,  water, jor.proviGons  ;  and  they  are  certainly 
well  calculated  for  the  purpofes  to  wjiieh  they  are  applied,  by 
die  (piral  (lope  which  is  given  them ;.  for  if  they  were  perpendi— 
fiular-the  labourers  would  not  be  able  to  carry  on  their  building 
with  io  niueli  lacility,  as  they  afcend  a  perpendicular  with  great 
difficulty,  and  the  foldiers  can  fcarce  do  it  at  all.  It  is  on  this 
account  that  fometimes  a  road  like  a  ledge  is  made  on  the  per- 
pendicular dde  of  any  part  of  the  building  within  their  hill, 
which  U  flat  on  the  upper  iucface^  aed  half  an  inch  wide^ 
and  afcends  gradually  like  a  ftair*cafe,  or  like  thofe  roads  whicJi 
are  cut  on  the  fides  of  hills  and  mountains,  that  would  other- 
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travel  with  great  facility  to  every  interior  part. 

This  too  is  probably  the  caufe  of  their  building  a  kind  of 
bridge  of  one  vaft  arch,  which  anfwers  the  purpole  of  a  flight 
of  ilairs  from  the  floor  of  the  area  to  fbme  opening  on  the  ^de 
of  one  of  the  columns  which  fupport  the  great  arches*  which 
mud  (horten  the  dlftance  exceedingly  to  thofe  labourers  who 
ha\e  tlie  eggs  to  carry  from  the  royal  chamber  to  fomc  of 
the  upper  nurfcrie^,  which  in  fomc  hills  would  be  four  or  five 
Tect  \\\  the  flraightcil  line,  and  much  more  if  carried  through 
all  the  windiflg  paiiages  which  lead  through  the  inner  cham- 
bers and  apartments. 

I  have  a  memorandum  of  one  of  theft  bridges,  half  an  tndi 
broad,  a  quarter  of  aii  inch  thick,  and  ten  inches  long,  mak- 
ing the  fide  of  an  elliptic  arch  of  proportionable  fizc  ;  lo  that 
It  is  wonderful  it  did  not  fall  over  or  break  by  its  own  weight 
before  they  got  it  joined  to  the  fide  of  the  column  above.  It 
was  ftrcDgthened  by  a  fmall  arch  at  the  bottom,  and  had  a 
hollow  or  groove  all  the  length  of  the  upper  furfiioe,  either 
made  purpolcly  lor  tlie  inhabitants  to  travel  over  wltli  more, 
fafety,  or  elfe,  which  is  not  improbable^  worn  fo  by  fre<juent 
treading  (tab.  VII.  fig.  2.  e.  e.). 

Thus  I  have  defcribed,  as  briefly  as  the  fubjed  would  admit, 
and  I  truft  without  exaggeration,  thofe  wonderful  buildings 
whoie  iize  and  external  form  have  offcen  been  mentioned  by 
travellers,  but  whofe  interior  and  more  curious  parts  arc  fo 
little  known,  that  I  may  venture  to  conilder  my  account  of 
them  new,  wiiich  Is  the  only  ment  it  has:  for  they  are 
conftru£ted  upon  fo  diflerent  a  plan  froni  any  thing  eUe  upon  the 
4^th»  and  fo  complicated,  that  I  cannot  find  words  equal  to 
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rRe  ta(k,  and  muft  therefore  refer  to  the  different  figures,, 
winch,  however  extraordinary,  Icarce  do  juftice  to  the  fubjedts. 

The  nefts  before  delcribcd  are  iij  remarkable  on  account  of 
thdr  fize,  that  traveller^  have  fcWom",  where  they  were  to  be 
feen^  taken  notice  of  any  other  ;  and  have  generally,  when 
^ealdng  of  whke  Ants».  defcribed  them  as  ihhahhants  of  thofe 
hills.  Thofe,  however,  which  are  built  by  the  fmaller  fpecics 
of  thole  iufccls,  arc  very  luuiu  iou^,  a::  J  feme  of  them  exceed' 
iiigiy  wortli  our  attention;  one  lort  in  particular,  which  from 
their  form  I  have  named  turret  nefl:s.  Thefe  are  a  great  deaf 
lefs  than  the  foregoing,  and  indeed  much  lefs  in  proportion  tO' 
l&e  iize  of.  the  builders;,  but  their  external  form  is  more 
CttriouSy  and  tlieir  folidity  confidered  they  are  prodigious 
buildings  for  fo  fmall  an  animal  C'^). 

Thefe  bulldhigs  are  upright  cylinders  conipofLd  of  a  wcH- 
tcmpered  black  earth  or  clay,  about  thrca  quarters  of  a  yard' 
liigh,  and  covered  with  a  roof  of  the  fame  material  -  in  the 
ihape  of  a  cone,  whofe  bale  extends  oyer  and  hangs  down' 
three  or  four  inches  wider  than  the  perpendicular  fides  of  th« 
^dinder,  fo  that  moft  of  them  reiemble  in  lhapc  the  body 
of  a  round  waid-niill  ;  but  fome  of  the  roofs  have  fo  htiL  ele-- 
vation  in  the  middle,  that  they  are  pretty  much  in  the  lhap.e 
of  the  top  of  a  full- grown  mufhrooni  (tab.  IX.  fig.  i.) 

After  one  of  thefe  turrets  is  finilhed,  it  is  not  altered  or  en»- 
larged ;  but  when  no  longer  capable  of  containing  the  commu-- 
nity,.  the  foundation. of  another  is  laid' within  a  few  inches  of 
it  Sometimes,  though  but  rarely,  the  fecond  is  begun  before 
thefirft  ib  iuiiihed,  and, a  third  before  they  have  completed  the 

(is)  If  their  lieight  iteftimated  and  computed  bv  the  iize  of  tlte  builden,  and.^ 
cvmpartd  with  ourt  upon  the  like  fcale ;  each  of  tliem  It  four  or  five  timet  the; 
^gbt  of  the  mofaumentf  and  a  grc&t  many  timei  its  foUd  contenti* 

iecond*' 
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fecond :  thus  they  will  run  up  five  or  fix  of  thefe  turrets  at  the 
foot  of  a  tree  in  the  thick  woddsi^  and  make  a  moft  fingular 
group  of  buildings  (taK.  15^-). 

The  turrets  arc  lb  {Irongly  built,  that  lu  cafe  of  violence  they 
will  much  fooner  ovcrlc  t  from  the  foundation,  and  tear  up  the 
gravel  and  folid  earth,  than  break  in  the  middle ;  and  in  that 
cafe  the  infeds  will  fre(}uently  begin  another  turret  and  bttild 
it,  as  it  were,  through  that  which  is  feHeii ;  for  they  will  con- 
hqOl  the  cylinder  below  with  the  ground,  and  run  up  a  new 
turret  from  its  upper  fide,  fo  that  it  will  feem  to  reft  upon  the 
horizontal  cyhnder  only  (tab.  iX.  %.  5.). 

I  have  not  obierved  any  thing  elfe  about  thefe  nefts  that  is 
remafkablet  except  the  quality  of  the  black  brown  clay,  which 
is  as  dark  coloured  as  rich  vegetable  mould,  but  burns  to  an 
exceeding  fine  and  clear  red  brick.  Within,  the  whole  buiiilii.g 
is  pretty  equally  divided  into  innumerable  cells  of  irregular 
ihapes ;  ibmetimes  they  are  quadrangular  or  cubic,  and  fome- 
times  pentagonal ;  but  often  the  angles  are  fb  ill  defined,  diat 
each  half  of  a  cell  will  be  fhaped  like  the  infide  of  that  ikell 
which  18  called  the  Sea-ear. 

Eacb  cell  hua  two  or  more  entrances,  and  as  there  are  no 
pipes  or  galleries,  no  variety  of  apartments,  no  well-turned 
arches,  woodeii  nurfcrles,  &c.  &c.  they  do  not  .by  any  means 
excite  our  admiration  ib  much  as  the  hill  nefls,  which  are 
indeed  colle^Uons  of  wonders. 

There  are  two  fizes  of  thefe  turret  ncfts,  built  by  two  dif- 
i"erc!it  fpecies  of  Termites.  The  lari^er  fpcrics,  the  TtV7;;t^j  atrox^ 
in  itsperfcd  flate  meaiyrcsoue  inch  and  three-tenths  from  the 
extremities  of  the  wings  on  the  one  fide  to  the  extremities  oa 
«he  other  (tab.  X.  fig.  14-).   The  letter  fpecies.  Terms  merdax^ 
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meafures  only  eight-tenths  of  an  inch  fcom  tip  to  tip  (tab^  X. 

The-  next  kind  of  ne(b,  built  hj  another  fpecies  of  this 

genus,  the  Tenucs  arbauniy  have  very  littK:-  rtrlcmLtlance  to  the 
former  in  (hape  or  fubftancc.  Thcfe  arc  generally  fphcrical  or 
oval,  and  built  In  trees  (h).  Sometimes  they  arefeated  between 
the  arms  and  the  Aems  of  trees,  and  very  frequently  may  be 
leen  furroundlng  the  branch  of  a  tree  at  the  height  of  (eventy 
or  eighty  feet;  and  (though  but  rarely,  of  fo  large  a  Oze)  as 
big  as  a  very  great  fugar  calk  C»s) 

They  are  compofcd  of  fmall  particles  of  wood  and  the  various 
gums  and  juices  of  trees,  combined  with,  perliaps,  thoie  of  the 
animals,  and  worked  by  thofe  little  induftrious  creatures  into  a 
paile,  and  lb  moulded  into  innumerable  little  cells  of  very  dif- 
ferent and  irregular  forms,  which  al!brd  no  amuiing  variety  and 
nothing  curious,  but  the  immenfe  quantity  of  inhabitants,  )'oung 
and  old,  \\\\\\  which  they  are  at  all  times  crouded  ;  on  wliich  ac- 
count they  are  fought  for  in  order  to  feed  young  fowls,  and  elpc- 
cially  for  the  rearing  of  Turkies.  Thefe  nefts  are  very  com- 
{ia£t,  and  fo  ftrongly  attached  to  the  boughs  on  which  they  are 
fixed,  that  there  is  no  detaching  them  but  by  cutting  them  in 
pieces,  or  fawing  cS  the  branch ;  and  they  will  fuftain  the 
force  of  a  tornado  as  long  as  the  tree  on  which  they  are  fixed, 

(14)  The  colour  of  thefe  nefti,  like  diat  of  the  roofed  tnrrett,  ti  bfsick,  from 
which,  and  their  irregular  furfece  and  orbicular  fli^pe,  thejr  have  -been  called 
}$efr^  Heads  by  our  firft  writen  on  the  Carribbee  Iflands,  and  by  the  French, 
SfciM  4*$  iVif^/f*  »See  nvNTsa'a  btbltn**  silta,  p.  17. 

I  have  never  been  able  to  dilbover  what  author  Mr*  kvsltn  alludei  to  in  this 
aientwn  of  the  Negro  Headi. 

<i5}  lokg'i  Jamnca,  vol.  m.  p.  8S7. 

SLOAMK**  Jamaicai  vol«  II.  p.  aai*  and  fequeU 
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Thk  fpecicshaa  the  ejttenial  habit^  duty  and  almoft  the  cdbuz^ 

of  the  Termes  atrox  (tab.  X,  fig.  si.). 

There  are  fome  nefts  btiik  kr  thofe  fandy  plains  wliicli  we 
call,  nfrer  the  Spaniards,  Scivarfr.as,  that  rcfcmblc  the  hill 
nefts  firft  delcribed.  Tkey  are  compoied  of  a  black  mud,  which 
is  brought  from  a  few  inches  below  the  white  fand,..and  are 
buiU  in  the  form  of  ao  tmperfefb  cone^  orbell-diaped,  havings 
their  tops  rounded*   Thefe  neft8>  ace  generally  about  four  or 
five  feet  hlgh^''^.    As  I  faw  thefe  only  \n  pacing  through 
various  Savannahs  upon  other  purfuits,  I  can  fay  v«ry  little  of 
their  interior  parts*.  They,  feemed  to  be  inhabited  hynearfy  as- 
large  infe£b»  differing  veiy  little  except  in  colour,  which  is.^ 
lighter  than  that  of  the  Term/tet  beUkofii 

Havhig  given  fome  idea  of  the  nefts,  I  fliall  beg  your  patient 
reading  of  a  more  particular  account  of  the  infe<Sls  thenifelves^ 
which  will  be  exceedif^  nece0suy  to  a- tolerable  aequalntance- 
with  their  oeconcmy  and  managjement,.  their  manner  of  build- 
ing, fightings  and  marching,  and  to  a  more  particular  aocounlc 
of  tiicii  iiks  ia  the  creation,,  and  of  the  vaft  mifchici  thcjr- 
cauib  to  mankind.. 

(<?)  '<  The  neflt  of  Akiti  are  about  foor'ftet  xnAt  at  tbebafe,  .and  tn^n  high, 
of  an  faemtlpberical  form.  Thougb  made  in  loofe  fand,  they  ai«  lb  haod  ai 
net  toi  be.  brekeii' without  great  eibrt*,  and  a  laden  >earr  could  not  break 
through..— In  06Vober.and  NoTcrober  they  addmaeW'  iftoiy.  ^  The  Coebona ' 
de  Terte  (the  Left  Aot-eater  of  Mr.  pewnant)  nMike.hole»  In  thdenefta  eigbt- 
inches  in  diaraeter  and  ^fct  diep  j  Md  bgvhtg  defiroyei'tlA  hdtehUmts^  .ihi  ntft 
**'  Is  aimubHid,  Mt  fomtttm§s  the  Jlnkt  repair,  it,**   Tbii  laA  paragraph  'ieenM^ 
rather  founded  on  cenjc^re..  Voyage  au  Cap^  par  M.  L^Abbi  »B.tA4Uii.LE, 

avjcoo  a]fo.fayiAots  inake.billock«  asbigbas  a-mao.-. 
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Amaag  thefe  ytm  wHl  find,  I  muil:  confeTs,  fome  Vei^ 
titraordtnaiy  relatlonSy  and  many  that  do,  not  admit  a  poilf* 
Mlitf  of  demonO:ration  ;  foch  is  the  ddcription  of  the  form  of 
an  armv  of  the  Termites  viaruvi  marching,  and  tlic  account 
of  the  regularity  ufcd  by  tlie  Termites  beliicoji  in  repairing  a 
breach  in  their  hills.  But  the  veiy  fingular  fa£ts,  of  which 
joa  have  the  prooft  before  you,  are  fufEcient  I  ihould  conceive 
10  procure  me  belief  for  the  others.  Should  any  perfbn  doubt, 
I  would  wifh  them  to  confidcr,  that  a  fludent  of  nature 
and  nature's  laws,  in  any  matter  relathig  thereto,  has  no  temp- 
tation to  tranfgrels  the  bounds  of  truth.  I  am  very  feniible, 
isOL  the  works  of  the  ereatton,  and  liie  order  thereof,  are 
eftabGfKed  in  the  hi^eft  vnfdom ;  that  it  is  as  abfard  to  attempt 
to  exaggerate  as  to  detraft  from  them  ;  and  can  only  ferve  to 
cxpofc  the  ignorance  of  him  who  attempts  it.  Befides,  what 
I  have  here  advanced  muil  be  confirmed  or  contradidled  in  two 
or  three  years,  imoe  it  will  doubtlefs  be  examined  into  by  all 
Ae  cmiovs'who  vtlk  tropical  r^ons, 

I  haive  uMerved^  befixe,  that  there  are  of  every  fpecies  of 
Tmrntes  three  orders  ;  of  thefe  orders  the  working  infecls  or 
labourers  are  always  the  moft  numerous;  m  the  Termes  b^Htc^fus 
tilcrc  feems  to  be  at  the  Icaft  one  hundred  labourers  toone  of  the 
%htiii^  infefls  oribldiers*  They  are  in  this  ilate  about  one- 
ftmnSi  of  an  mch  long,  and  twenty-five  of  diem  weigh  about  a 
grain ;  Ibthat  they  are  not  ib  large  as  ibme  of  our  ants  (tab.  X. 
fig.  6.).  From  their  external  habit  and  foudnefs  for  wood,  they 
have  been  very  cxprefliveiy  called  iVood  Lice  by  fome  people,  and 
the  whjalB  gentts  has  been  known  by  that  name,  particu- 
Jariy  aoMwg  the  Frenefa.  Hiey  nfeodife  them,  it  is  tnie» 
^ery  much  at  a  diftancor  but  they  nm  as  M  er  faAsrthan  ai^ 

Y  z  other 
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other  uifefts  of  their  fize,  aiid  are  mceflantly  buftiing  about 
ti^eir  aflfairs  0*). 

The  iecond  order,  or  foldlers,  have  a  very  diiFcreut  form  from 
the  labourersy  and  have  been  by  feme  authors  fuppo&d  to  be 
the  males,  and  the  former  neuters  ;^  but  they  are,  in  fiiA,  the 
fame  infe£ls  as  the  foregoing,  only  they  have  undergone  a* 
change  of  form,  and  approached  one  degree  nearer  to  the  per- 
ilate.  They  are  now  much  larger,  being  half  an  inch 
long»  and  equal  in  bulk  to  Efteen  of  the  labourers  (tab.  X* 
%.8).  ^  ^  \ 

There  ts  now  Ilkewife  a  moft  remarkable  circumibnce  lO'^e 
form  ol  the  licad  and  uiouth  ;  fur  hi  the  former  ftate  the  mouth  is 
evidently  calculated  for  gnawing  and  holding  bodies ;  but  in  this 
(late,  the  jaws  Imng  ihaped  juft  like  two  very  lharp  awls  a 
little  jagged  (tab,  X.  fig  9.),  they  are  incapable  of  any  fStmf^ 
but  piercing  or  wounding,  for  which  purpoies  the^^.  are.  veiy; 
efie^al,  bong  as  hard  as  a  crab*s  claw,,  and.  {^^ced  in  a 
ftrong  horny  head,  which  is  of  a  nut-brown  colour,  and. 
larger  than  nil  the  reft  of  the  body  together,  which  ieems  to 
labour  under  great  diificulty  in  carrying  it :  on  which  account' 
perhaps  die  animal  is  incapable  of.  climbing  up'pefpeBdacttlar 
iiirfaces. 

The  third  order,  or  the  infed  in  its  perfetft  ftate,  varies  its. 

form  iliii  iiiorc  than  ever.  The  head,  thorax,  and  abdomen,. 
dii?er  almoft  entirely  from  the  fame  parts  in  the  labourers  and 
ibldiers  ;  and,  hefides  this,  theanimalisnowfurnifhed  with  fous 
'fine  large  brownifli,  tranfparent,  wings^  with  whicbuitis  at  the 
time  of  emigration  to  wing  its  way  in  iearch  of  a  new  iettle- 

(*&}  Ji«ciirox.T,  in  the  Hiftoiy  of  tbe  Cirribee  Uaikli,  callt  then  Wood  £toe» 
ia4  ncatioM  the  dcflruQioD  they  tnahe,  te..p.  149*. 
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ment  C19)..  In  fhort,  it  differs  fo  much  from  its  form  and  nppear- 

aiicc  ill  the  other  two  ftates,  that  it  has  never  b.en  fuppoled  to- 
be  the  fame  animal,  but  hy  thofe  who  have  feen  it  in  the 
fame  neft;  and  fome  of  thefc  have  diftiufted  the  evidence  of 
cheiir  fenies.    It  was  ib  long  before  I- met  with  them  in  the  ixefts* 
my6\ff  that  I  doubted  the  information  which  was  given  me  by 
the  natives,  that  they  belonged  to  the  fame  family  (tab.  X.  fig. 
I.)    Indeed  we  may  open  twenty  ncfts  without  finding  one 
winged  one,  for  thofe  are  to  h<-  found  only  juft  before  the  com- 
mencement of  the  rainy  feafon^  when  they  undergo  the  laflt 
change,  which  is  preparative  to  their-  colonisation*.  Add  to* 
this,  rtiey  fometimes  abandon  an  outward-  part  of  their* 
building,   the  community  being  diminifhitl  hy  fome  acci- 
dent to  me  unknown;    Sometimes  too  dillercnt  fpecies  of> 
the  real  Ant  (Formica^  poffefs  themfelves  by  force  of  a^ 
Ibdgemeaty  and  ib- are  frequently  diHodged  from « the  fame 
neft^  and  taken*  for  the  fame  kind -of  infcds^  Thb  I- know- 
h  often  the  cafe  with  the  nefta  of  the  fmaller  fpecies, 
which  are  frequently  totally  abaadoaed  by  the  Termites,; 
and  completely  inhabited  by  diffeient  fpecies  ©f  Ants,  Cock- 
roacheSy.  Scolopendris,  SeorpioBS^  and  other  vermin,  fond,  of 
obfcuie  retreats^  that  occupy  difierent  parts  of  their,  rootnyr 
Ihnldings ;  which  ckarly  acoounts-  for  your  having  coet  witlu 
ihe  i cai  Aula  lu  thofe.  nefts  in  .New.  Holland*. 

('9)  •*  There  IS  a  fort  that  frequently-  fltes,  baring  red  Vihgt^*— This  Bfing' 
"  fort  flings  up  the  largeft  hilU,  and  it  wonderfulfy  nimble  ttid.  indnftrioui 
KotBEiN*s  Cape  of  Good  Hope,  8vo,  vol.  II*  p.  173. 

OApriit  calif  the  Wood  A«ts  Jetlahm^  indlays  itbteome*  «•  big:ai  ooe'iu 
thuisb|  aad  thca  takes  wing.  Pcibrlptio&  de  TAfri^ue,  folio,  p.  459*  • 
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In  the  winged  (bte  they  have  alio  much  altered  their  fize  as 
w  lU  is  form.  Their  bo^es  nowmeafure  between  fix  and  fcven 
tenths  of  an  inch  in  length,  and  rhclr  wings  above  two  inches 
aiui  a  half  from  tip  to  tip,  and  tiiey  are  equal  in  bulk  to  about 
tliirty  labourers,  or  two  foldiers.  They  are  itow  allb  ftti^ 
iiUhed  with  two  large  eyes  placed  on  each  fide  of  the  head, 
and  very  coiilpicuous ;  tf  they  have  any  before,  they  are  not 
cafily  to  be  diftinguifhed.  Probably  in  the  two  hrft  ftates, 
tkelr'eyeSf  if  they  have  any,  may  be  imall  like  thoie  of 
moles;  for  as  they  live  like  theie  animals  always  under- 
ground,  they  have  as  little  occafion  for  theie  organs*  and  it 
is  not  to  be  wondered  at  that  we  do  not  difcover  them ;  but 
the  cilc  is  ii.uch  altered  when  they  arrive  at  the  winged 
ilate  in  which  they  are  to  roam,  though  but  for  a  few 
hours*  through  the  wide  air,  and  explore  new  and  diilaat 
regions*  In  this  form  the  animal  comes  abroad  during  or  Ibon 
after  th<;  firil  tornado,  which  at  the  latter  end  of  the  dry  ieafba 
proclaims  the  approach  of  the  enfuing  rains,  and  ieldom 
waits  for  a  fccond  or  thud  fliower,  if  the  firft,  as  is  .generally 
tlie  cale,  happens  in  the  night,  and  brings  much  wet  after  it 

The  quantities  that  are  to  be  found  the  next  morning aU  over 
the  fur&ce  of  the  earth,  but  particularly  on  the  waters^  is 
aftoniihing ;  fer  their  wings  are  only  calculated  to  carry  them 

(to)  i«  At  night  I  vilited  Mr,  rakkison  on  board  the  floop  j  during  the  time 
"  we  had  a  dreadful  tornado,  in  which  a  Ibrt  ot  large  fliei  with  long  wings  came 
<*  on  board  in  iiich  prodigious  nuinben,  that  flying  into  the  flamet  of  the 
candles^  the  table  was  ibon  covered  with  thofe  that  burnt  their  wings  i  and 
others,  which  were  not  burnt,  ts  th^  walked  along  the  table  flied  their  wiags, 
^  and  then  weie  nothing  but  fo  nufijr  pcrft A  lar^e  iQaggot««*'  June  19,  i}}** 
aiooiL*s  Travels, 
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a  few  hours,  and  after  the  riling  of  tlic  fun  act  one  in  a  tl^ou- 
ismd  is  to  be  found  with  £oux  wings,  unlefs  the-  moroiug  coor 
tinues  nuny,,  when  here  and  there  a  folitaiy  being  is  ieen  wing- 
ing its  wzj  from  one  place  to  another,  as  if  iblicitous  only  to- 
avoid  its  nunierous  enemies,  particularly  yarious  fpecies  of 
Ants  wliiLli  aic  Iiuntiugon  every  fpray,  on  every  leaf,  and  in- 
every  poflible  place,  for  this  uniiappy  race,  of  which  probably 
not  a  pair  in  many  miUions  get  into  a  place  of  fafety,  fulfil^ 
the  firft  law  of  nature^,  and  lay  the  foundation  of  a  new  com-^ 
munity. 

Not  wily  all  kinds  of  ants,  birds,  and  carnivorous  reptiles, 
as  well  as  infects,  are  upon  the  hunt  for  them,  but  the  inha- 
l»itants  of  many  eountnes,  and  particularly  of  that  part  of 
A&ica whoneil  was,  eat  themX")  («)  (n)  (h) 

On 


(»')  Mr.  KONiG,  in  an   Effav  upon  ihrir  Iife^Js,  read  before  'he  Suc;cty  of 
Naturalifta  of  Berlin,  fayi,  'I  hit,  tn  (omc  pans  of  the  E.Al  Indies,  ihc  quccus 
arc  ^ivcn  alive  to  old  men  for  nrc[if;':heniHg  the  back,  and  that  tiie  native*  have  a 
me-jjd  of  catching  the  .vinged  uiiccis,  which  he  calls  females,  before  the  time- 
of  Mi  gration.    They  make  two  holes  in  the  neft ;  the  one  tO  windward,  and: 
the  other  to  leev/artl.     At  the  leeward  opening  they  place  the  month  of  t- 
pot,  previo  ifly  r ul  cd  within  with  atl  aromatis  herb  called  Bergerat  whieb  ii 
Hiorc  valued  there  than  the  laurel  m  Europe. •  Oil  the  wbdwafd  fide  thgr 
make  a  fire  of  ilinking  materials,  which  nbtonlf  dfim  thefe  infedt  into  the  potff, 
btot  frequently  the  hooded  ihakcs  alfc,  oar.wbich  aeemint  tbejr  ate  obliged  t«  be 
eMitioai  in  removing  them*  By  th»  method  they  catch  great  quantitiea,  of. 
nUch  th^make^withJoitr  aTariety  of  p.iftry,  which  they  can  af ord  to  ieU  very 
cheap  to  the  poowr-  twk«  of  people   Mr.  mm  adds,  that  in  faafona  whea 
tU*  kmd  of  f«>d  i»  very  plentiful,  the  too  great  ofe  of  H  brings xui  an  opideinia 
colic  and  dyicotery,  wldeh  kiUi  in  two  of  three  houn* 

l^havt'- 
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Oa  the  following  morning,  however,  as  I  have  obferved, 
they  are  to  be  feen  running  upon  the  ground  in  chace  of  each 

■Other;. 

I  have  not  found  the  Africans  fo  ingenious  in  procuring  or  drcffing  them.  They 
4U*c  content  with  a  very  fnnll  part  of"  thofc  which,  at  the  time  of  fu^arming,  or 
•rather  of  cmIf;ration,  fall  into  the  ncighbcjrir^  waters,  which  thcv  fkini  off  uuh 
•Calabdflies,  bring  large  kettles  full  of  fhcm  to  their  habitations,  and  parch  them 
•in  iron  pots  over  n  gentle  fire,  f.irring  them  about  as  is  nfually  done  in  roafling 
.coffee.    In  that  llntc,  witliout  fnucc  or  any  other  addition,  tlicy  fcr\'e  them  ta 
delicious  food  ;  and  they  put  them  by  hands^fuil  into  their  mouths,  as  we  do  com- 
fit?.   T  have  cat  thcni  drefled  this  w  ay  feveral  times,  and  thi.nk  thcni  both  dclicatf, 
rounlhing,  and  u  holefome  ;  they  arc  foaicthing  fwecter,  but  not  fo  f^it  and  cloy- 
ing as  the  catcrj)inar  or  maggot  of  the  Palm-tree  Snout-bceiu,  Cui  culio  Palmarm, 
••^vhichi6  fervedupat  all  the  luxurious  tables  of  Weft  Indian  epicureCf  particulari/ 
of  tlic  French,  as  the  greatcft  dainty  of  the  Weftcrn  woild. 

According  to  the  Baron  degei  r,  Mr.  sparrman  fays,  th.it  the  Hottentots 
.ctit  thefe  in fefts,  and  even  grow  fat  upon  them;  but  docs  not  lay  what  mcthodi 
,lhcy  take  to  procure  or  dtcls  them,  de  geer,  A/rmo/rw  eies  Infcfles^  torn,  VII.  p.  49. 

piso,  PE  LALT,  MA&cGRATE,  3nd  Other  wfitCTS,  inentioa  their  being  aa 
article  of  diet  in  different  parti  of^  South  America* 

Alia  prxterea  datur  grandii  Species  Tama^hura  diAa  digiti  articttfauii  adi* 
quans.  Qiiaram  etiam  clunet  defl^euttur  et  friguiitiir  pro  bono  ftUiAent<»." 
riso,  Htft.  Naturat.  lib*  I.  p.  9.  lib,  V.  1911, 
(S3)  MAKCoa.  Hift.  Nat.  56.  '  * 

(24}  «•  Denique  formic*  hie  vifiintur  grandilBmc,  quai  indSgeiis  vnlgo  conw- 
dunt ;  et  in  forb  vcnal«t  habe&L**  »8  xaet.  Americte  Utriuiquc  Dc&riptiOk 

333- 

Fomicii  vefcebantur,  eafque  fhidioie  ad  vidum  educabant.  Ibid.  p.  379." 
M  Sir  kA«»  sLOAKE  hfti  the  filk-cotton-tree  worm  i«  eiieemed  bj  the  ladiaai 
-and  negroes  beyond  marrovK.  Thti  worm  is  no  more  than  a  large  maggot,  beiag 
ihe  CfttefpiBar  of  a  Urge  Capricorn  Beetle,  or  Goat  Chaftr :  the  Larva  of  • 
•  prett^'large  Cerambix  (the  LamiaTrihulus  o{  fabricius)  which  is  alfo  bron^i 
•Irom  Afnca,'«bere  I  liave  eaten  thofe  worms  roalkd.  This  inled:  ts  moft  pn- 
<bably  to  be  found  in  all  countries  where  the  fillc-cotton-tre^  (Bmhixy  is  iwli« 
^n«ua»  st.0A»i*s  Jamaica,  vol.  II,  p<  19}, 
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other ;  fbmetimes  with  one  or  two  wings  Aill  hanging  to  their 
bodies*  which  are  not  only  ufele^,  but  ieem  cather  cumber- 
fome(»«>. 

The  greater  part  have  no  wings,  but  they  run  exceeding 
faft,  the  males  after  the  females ;  1  have  fometlmes  remarked  two 
males  after  one  female,  contending  with  great  eagernefs  who 
ihould  win  the  prize,  regardiers  of  the  innumerable  dangers 
that  furrounded  them. 

They  are  now  become  from  one  of  the  moii  a^flive,  hiduf- 
Irious,  and  rapacious,  from  one  of  the  mofr  fierce  and  impla- 
cable little  animals  in  the  world,  the  moft  iimocent,  helplefs, 
and  OGfwardiy ;  never  making  the  lea(l  refinance  to  the  (malleft 
Ant  The  Ants  are  to  be  Teen  on  every  fide  in  infinite  numbers, 
of  various  Kpecies  and  fixes,  dragging  thefe  annual  victims  of 
the, laws  of  nature  to  their  different  nefts.  It  is  wonderful 
tliat  a  pair  (hould  ever  efcape  (b  many  dangers,  and  get 
into  a  place  of  fecurity.  Some,  however,  are  fo  fortunate; 
and  bemg  found  by  fome  of  the  labouring  infeds  that  are 
continual  I  v  running  about  tlie  fisr&ce  of  the  ground  under 
their  covered  galleries,  wiudi  I  (hall  ihortly  defcribe,  arc 
ileSled  kings  and  co/eens  of  new  ftates;  all  thofe  who 
are  not  fo  eleded  and  prcferved  certainly  perifli,  and  moft 
probably  in  the  courfe  of  the  following  day.  The  man* 
ner  in  which  thefe  labourers  proted  the  happy  pair  from 
tfadr  innumerable  enemies,  not  only  on  the  day  of  the 

I  have  difcourfcd  with  feveral  gentlemen  upon  the  taifte  of  the  white  Ants ;  arr^ 
on  comparing  notes  we  have  always  agreed,  that  they  :ire  mofi  delicious  and  deli- 
cate eating.  One  gentleman  compared  them  to  fugared  marrow,  another  to 
iugared  cream  aad  a  paile  of  fweet  almonds. 

LiGON  obfcrved  tbeaa,  but  does  not  know  what  they  are.   licok  '«  Barba* 
docs,  p.  63. 

VoL.LXXi.  g  '  maflacre 


3//-.  smeathman's 0/ 
niaffacrc  of  almofl  all  their  race,  but  for  a  long  time  after, 
wUi  I  hope  juftify'mein  the  ufc  of  the  term  election. 
The  little  indufblous  -  cicatwres  immediately .  cndofc  them  in 
a  fmall  chamber  of  clay  fui table  to  their  fize,  into  which  H 
firft  they  leave  but  one  fmall  entrance,  large  enough  for  them- 
felves  and  the  foldieis.to  go  m  and  out,  but  much  too  little 
ifor  either  of  the  rayii  pair  to  make  ufe  of;  and  when  ne- 
ccffity  obliges  them  t?»  ms^.  more  entrances,  they  m  never 
larger  ;  fo  that,  of  courfe,  the  w/««/tfr^/«^><^*  charge  the^^ 
lelves  with  the  talk  oi  providing  for  the  offspring  of  their 
fcvereign^as  well  as  to  work  and  to  Hght  for  them  until  they 
iSiall  have  raifed  z  pro«ay  capable  at  ieaft  of  dividing-  the  talk 

i^ritK  tkem^  r 

It  is  not  imtil  thls  .tiiwv  twobably,  that  dicy  confumimte 

tlieir  marriage,  as  I  never  few  a  pair  of  them  joined..  The- 
bufinefa  pf  .propagation,  however,  foon  commences,  and  the- 
iatwuie^iuiving  COnftru%i  a  fmall  wooden  nurfcrv,  as  before 
dcfcribe?^.  carry  th<fc  «gg$W  lodge  them  there  as  fail  as  they 
can  obtain  th^em^fiom  ^.^tap^; 

About  this  time  a  moft  extraordinary  change  b^^ns  to  taker 
place  in.the  to  which  I  know  nothing  fimilar,  except  la- 
the pulex  FENETRAN9  of  LINN.EU^,  the  JIGGER  of  the  ff^f/t 

IndieSr^^^  '^^  different  fpecies  of  coccus,  cochineal.  , 
The  abdomen,  of  this  female  begjins  gradually  to  extend  and 
enlarge  to  fuch  an  enormous  fizc,.  that  an  old  qaem  will  Have 
it  i.Lcreafcd  fo  as  to  be  ffieen  hundred  or  two  ihoujand  times  the 
bulk  of  the  reft  of  her  body,  ainl  twenty  or  thirty  thou/and' 
times  the  bulk  oi  a  labourer,  as  1  hav^  found  by  carefully^ 
weighing  and  computing  the  difierent  ftates  (tab.  X.  fig.  3.)- 
*thti  Mtl  between  the  fegmeiits  of  the  abdomen:  extends  in 
ttmY  dkcdioii and  atlaft  the  fegments  are.remaved  to  half  an 

inch. 
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iDch  diftance  from  each  other,  though  at  firft  the  length  of  the 

whole  abdomen  is  not  halt"  an  incli.  lliey  prcfcrvc  tlK-ir  d.irk 
browii  colour,  and  the  upper  part  of  the  abdomen  is  marked 
with  a  regular  •  feries  of  brown  bars  from  the  thorax  to  tlic 
pofterior  part  of  the  abdomen,  while  the  intervals  between 
.them  are  cQvered  with  a  thin*  delicate,  tranfparent  Ikin,  and 
appear  of  a  fine  cream  colour,  a  little  fhaded  by  the  dark 
colour  of  the  inteftincs  and  watery  11  aid  feen  here  and  there 
boieach*  I  conjecture  the  animal  is  upward  of  two  years 
old  when  the  abdomen  is  increafed  to  three  inches  in  length  x 
I  have  ibmetimes  found  them  of  near  twice  that  fize.  The 
abdomen  is  now  of  an  irregular  oblong  fhape,  being  con* 
traded  by  the  mufcles  of  every  fegment,  and  is  become  one 
vad  matrix  full  of  eggs,  which  make  long  circumvolutions 
through  an  innumerable  quantity  of  very  minute  veflels  that 
dmilate  round  the  inlide  in  a  ierpentine  manner*  which  would 
exerdfe  the  i  n  gc  nuity  of  a  ikilful  anatonuft  to  dtiled  and  develops 
This  fingular  matrix  is  not  more  remarkable  for  its  amazing 
exteafion  and  fize  than  for  its  periflaltic  motion,  which  refem- 
bks  the  undulating  of  waves,  aud  continues  inceiTantly  without 
.any  apparent  effi>rt  of  the  animal;  ib  that  one  part  or  other 
alternately  is  ridug  and  iinkxng  in  perpetual  fucceflion,-  and  the 
matrix  feeras  never  at  rcftC*'^  but  is  always  protruding  eggs  to 
tlie  amount  (as  I  have  frequently  counted  in  old  queens)  of 
fixty  in  a  minute  or  eighty  thoufand  and  Upward  in  one 
day  of  twenty-faui  hours  Thefe 


(i;)  «*  We  may  obfen'c  in  a  qi/ff>:,  dtftended  with  egg,  a  p:irriiion  along  the 
back,  and    a  continued  motion  from  one  cxtrcinc  to  the  other,  in\jch  like 
that  we  find  in  filk-worms.**    Acco^int  of  llnglilh  Ants  by  onuto,  p.  22. 
i'*)  I  c^aot  pi^UYely  8^t|  that  the  old  ^iK«as  j^ielU  e^t  fo  plendfuUy  at  aV 
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Thele  eggs  are  inftantly  taken  from  her  body  by  her  aften^ 
dants  (of  wliom  tiiere  always  are,  in  the  royal  cijamber  and 
the  galleries  adjacent,  a  fufficicnt  number  itr  waiting)  and  car* 
xied  to  the  norferies,  which  in  a  great  ned  may  fbme  of  them- 
Be  four  or  five  feet  diifbuit'  in  a  ftraight  line,  and'  confcquently 
much  farther  by  their  winding  galleries.  Here,  after  they 
are  hatched,  the  young  are  attended  and  provided'  with 
every  thing  neceflhrv  iintFl  they  are  able  to  fhift  for  them- 
i^lves,  and  take  their  ihare  of  the  labours  of  the  community*. 
The  foregoing,  I  flatter  myfelf,  is  an  accurate  defcriptiofi. 
and  account  of  rfie  termer bellkofm  or  fpecies  that  builds  the 
large  nefls  in  its  different  ffaCes* 

Thofe  which  build  cither  the  roofed  turrets  or  the  nefts  in 
the  trees»  ieem  in  moll  infbnces  to  have  a  firongrefemblance  Co- 
tllem».  both  in  their  fbrm  and  oeconomy,  going  through  the 
fjime  changes  from  the  egg  to-  the-  winged  fhte.  The  queens 
alfo  inciealtj  to  a  great  fize  when  compared  witli  the  labourers;:, 
but  very  fhoit  of  thofe  queens  before  dcfcribedi  The  largefl 
arc  from  about  an  inch  to  an:  inch  and  z  Iralf  longj  and'  not 
much  thicker  thaira^commbn  quiil.  ^  There  is  the  (ime  iund^of 
periihltic  motion  lit  the  abdomeor,  but  iii  a  much  fmaller 

times,  but  the  protnidiog  them  being,  the  confequcnce  of  tKe  periflaltic  moti^. 
it  would  fecm.  involuntary  on  their  parts,  and  the  number,  or  nearly  fo,  alwayi- 
.  indifpeiilkble :  the  aftonifliing  multitude  of.  inhabitanu  found  ia.tlietr.  oeftt  aUb 
•ottntenance  this  opinion  ftrongly. 

(»9)  Since  the  reading  of  this  paper,  Mr.  johk  huntek,  fo  oeldtantcd  ibfvhit- 
grrnt  fkill  nuU  experience  in  comparative  anatomy,  has  dillc£led  two  young  queeot*. 
He  finds  the  abdomen  contains  two  ovari;'.,  in  each  of  which  re  many  hundred  ova— 
duftj,  and  in  each  of  thcfc  ova-dU(5>s  ■\  volt  unny  rj^g^ in  that  there  fcems  no  doubt' 
of  the  fac't,  as  thematrix  of  :\  f!dlgrcw>i  qiu-cn  he  caiculated-for  the  prod^<5lion' 
amd  yielding  of  a  prodigioui  number  uf  eggs.  He  has  alfo  diflcded  the  kings; 
the  refult  of  theic.difcc^xia,,witk  fomc  IttfUicr  parti^ars,.  be  fcUtad  in 
waotbo:  £a^rk,  .  . 


Digitized  by  Google 


the  Termites  of  Africa  and  other  hot  Climates,       1 73 
giee;  and,  as  the  animal  is  incapable  of  moving  from  h  .r 
place,  the  eggs  no  doubt  are  carried  to  the  different  cells  by  the- 
labourers,  in&  reared-  vatti  a  cai»  iimilarto  that  whkh  is  prac- 
fifed  in  th  j  larger  nefts. 

It  is  remarkable  of  all  thefe  difiereiit  fpecles,  that  the  work- 
ing and  the  fighting' infers  never  expoie  themfelves  to  the  open 
air;  but  either  travel  underground;  or  within  fuch  trees-  and 
(ubfbnGes  as  they  deftroy,  except,  indeed,  when  they  cannot 
proceed  by  dicir  latent  parages,  and  find  it  convenient  or  ne- 
ceffary  to  fearch  for  plunder  above  ground.  In  that  cafe  they 
make  pipes  of  that  material  with  which  they  build  their 
nefts.  The  larger  fort  uie  the  red  clay ;  the  turret  builders* 
iiie  the-  blacly  cky;  and  thofe  which  build  in  the  trees 

employ  the  fame  ligneous  fubfbnces  of  which  their  nefts  arc 
«om2ofed.C3o)OOC30^ 

Wilhs 

"  Small  birdi,  fowls,  Lizardi^  and  other  reptiles,  fearch  for  them  as  the 
"  mgft  delicious  morfels ;  therefore  they  never  go  abroad. but^  under  theircovtred 
•*  wajri.**..  DU  TERTRE,  quarto,  vol.  IT.  p.  345. 

(31)  "  The  earth  hereabouts  was  all  filled  with  afpccic?  of  a  white  Ant,  cati^d> 
**  Vug  Vagne,  different  from  that  which  1  have  clllv.  herc  defcnbed.  This,. 
**  inftead  of  raifing  pyramid?,  continues  buried  under  ground,  and  never  makes 
**  itfelf  known  but  by  fmall  cylindrical  galleries  of  the  thicknefi  of  a  goofe  quill, 

which  it  erecfts  againft  the  feveral  iKidies  it  difigns  to  attack.  Thefc  galleries 
**  are  formed  of  earth  with  infinite  delicacy  of  workiiianfliip.  The  Vag  Vagiiei- 
•*  make  ufe  of  them  as  of  co'*€r£-vvays,  to  work  without  bein::;  ftcn ^  and  what- 
**•  ever  they  faftcn  themfelves  to,  whether  it  be  leather,  cioth,  linen,  books,  or 
**  wood,  it  is  furely  gnawed  ind  confumed.  1  fliould  have  thought  myfelf  prcay 
"well  off,  had  Uicy  only  att  ickcd  the  reeds  of  n.y  hut;    bin  they  pierced* 

through  a  trunk  which  ftood  on  treftles  a  foot  above  the  ground,  and  gnawed 
**  moft  of  my  book."    adanjon's  Voyage  to  Guinea,  179 — 337. 

N,B.  Mr.  ADANsoN  is  certainly  miftaken  when  he  fays,  *•  They  never  maker 
'^tJKD&lvci. known  biu(  b^  their  corcxed  ways,  and  is  th&only.  one  whom  I  have- 
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With  thefe  materials  they  completely  hue  xnoft  of  the  roads 
leading  from  their  nefts  into  the  various  parts  of  the  country, 
•and  travel  out  and  home  with  the  utmoft  fecurity  in  all  kinds 
of  weather.  If  they  meet  a  rock  or  any  other  obftru£tion,  they 
will  make  their  way  upon  the  furface ;  and  for  that  purpofe  erecl 
a  covered  way  or  arch,  iUU  of  the  fame  materials,  coatinuing  it 
with  many  windings  and  ramifications  throu^  large  groves ; 
having,  where  it  is  poilible,  fubterranean  pipes  mnning  parallel 
with  them,  into  which  they  iink  and  fave  themlelves,  if  their 
galleries  above  ground  aic  deilroycd  by  any  violence,  or  the 
tread  of  men  or  animals  alarms  them.  When  one  chances  by 
accident  to  enter  any  folitary  grove,  where  the  ground  is  pretty 
well  covered  with  their  arched  galleries,  they  give  the  alarm  \if 
loudhiffings,  which  we  hear  diftin^kly  at  every  dep  we  aake; 
foon  after  which  we  may  examine  their  galleries  in  vjun  fir  the 
infcvHis,  but  inul  little  holes,  jufl:  large  enough  for  them,  by 
Avhich  they  have  made  their  efcape  into  their  fubterraneous  roads. 
Thefe  galleries  are  large  enough  for  them  to  pafs  and  repa& 
ib  a$  to  prevent  any  iloppages  (though  there  are  always 
numerous  paflengt  rs)  and  ihelter  them  equally  fi}om  light  and 


•<  met  with  who  hu  been  attacked  white  llvhig  bjr  the  whiH  JmuJ*  I  havelbne 
4iot]bt,  that,  although  the  approachet  (rf  fSoATtmUa  were  carried  i|p  to  Mi  bi^ 
the  bitei  he  received  were  from  tm/  Jhu^  of  which  there  are  feme  feaice 
vifiUe  which  are  very  mimeront  and  produce  great  pain ;  wheieai  the  bite  ef 
the  Ttrms  leti  ont  nnich  btood,  and  Ihewe  not  the  leaft  fympfiom  of  venom. 
See  DV  TUTiE^a  Antilles,  vol.  II.  p.  344.  andDefcriptt  de  I'Afnque,  par  labat, 
ton.  in.  p. 

00  See  tLOAMB,  uooK,  LiMHiBvt  (TenBM  Fitalis),  voasKAS.  (Tetmei  Ai^)> 
and  the  varioui  voyages  to  Africa  and  both  Indiet* 
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air,  as  well  as  from  their  enemies,  of  which  the  ants,  being. 

the  mofi:  numerous,  are  the  moft  formidable. 

The  Termites,  except  their  heads,  are  exceeding  foft,  and 
covered  with  a  very  thiii  and  delicate  Ikin  ;  being  blind,  thejr 
are  no  match  on  open  ground  for  the  ants,  who  can  fee,  and  are 
all  of  them  covered  with  a  ftrong  homy  fliell  not  eaiily  pierced,, 
and  are  of  difpofitions  bold,  aQ:ive,  and  rapacious.  Whenever 
the  Termites  are  diflodged  from  their  covered  ways,  the  various- 
{pedes  of  the  former,  who  probably  are  as  numerous- 
above  ground  as  the  latter  are  in  their  fubterraneous  pafTnges,. 
inllantly  feize  and  dra^  them  away  to  their  nefts,  to  ieed  the 
young  brood  C33)  (34)  C35)«.  The  Termites  are  therefore  exceeding. 

folicitouS' 

(33)  Sir  SAKS  IKOAVB  wai  certainly  miiiaken  in  bis  account  of  the  Woed'AnCs; 
k  u  uttcftjr  impiobable  that  ihej  Ihould  go  into  the  ncfts  of  the  red  Ants  and  kill 
Ibem.  It  is  moit  probable,  the  error  has  arifen  from  Sir  HAWt*»  having  confounded- 
tlie  tiro  genen  of  infe£t»  the  Formica  and  Termes  together,,  which  made 
Inn  oever  fgcA  of  them  with  preciTion.   The  reverfe  of  hit  account  is  motl 
fikel/,  which  i«,  that  the  Formica  will  follow  their  plunder  into  the  nefta 
ef  the  T^miut  and  deftcoy  then;  for  the  latter  always  keep  within  their 
nefti  or  coveted  waft,  avoiding  all   communications  with  other  infe^ls  and- 
aoimali,   and  never  nneddliag   with    them   but   when   dead }   whereas  the 
ImiUCit  ramble  about  every  where,  and  enter  every  cranny  and  hole  that  is  Inge 
emnigh,  and  attack  not  only  infcits  and  reptiles  but  even  large  animals.  See 
iioane's  Voyage  ta Jamaica,  vol.  II.  p.  2 :  i ,  222.  tab.  fjS,   JJi/i*  de  l*Acadtm$ 
MiyaU  dts  Science 1701,  p.  16.  rcurmis  de  I'ijue. 

(34)  LicoN  mentions  anothf-r  fcrt  of  u^nts,  and  dcfcribea  the  gaileriea  of  the 
termites,    ligon's  Barl?3tloc? ,  p.  64,  65. 

(35)  MERiAN  fays,  tne  ,/ ;    make  nefts  above  eight  feet  high,  by  which  I  appre- 
hend  (he  mcatw  the  nefts  ot  tiic  Termites)  but  in  fpcivkiiig  of  the  manners  of  the 
infecls  (he  certainly  means  fome  fpecics  of  the  Formicu.    Thofe  which  are  dc-- 
fcribcd  as  {^ripping  the  trees  are  a  fpecies  called,  in  Tobago,  Pu>\:-/j  -Jnts,  be* 
cauft  they  cut  out  of  the  leaves  of  certain  tree*  aud  pianu  pieces  aimoA  circular,. 

audi 
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lo Heltons  a!)out  the  prefer ving  their  covered  ways  in  good  re- 
pair ;  and  it  you  dcmolllh  one  of  them,  for  a  few  inches  in 
lengthy  it  is  wonderful  how  foon  they  rebuild  it.  At  firfl:  ia 
tlieir  hurry  they  get  into  the  open  part  an  inch  or  two,  but  ftop 
fo  fuddenly  that  it  is  very  apparent  they  are  furprized:  for 
though  fume  run  ilraighton,  and  get  under  the  arch  as  fpeedily 
as  pofllble  in  the  further  part,  moft  of  them  run  as  faft  back, 
and  very  few  will  venture  through  that  part  of  the  track 
which  is  left  uncovered*  In  a  few  minutes  you  will  perceive 
them  rebuilding  the  arch»  and  by  the  next  morning  th^  will 
havereftored  their  gallery  fortliree  or  four  yards  in  length,  if 
fo  much  lias  been  rumcJ  ;  and  upon  opening  it  again  will  be 
found  as  numerous  as  ever,  under  it,  paffing  both  ways.  If 
you  continue  to  deftroy  it  feveral  times,  they  will  at  length  feem 
to  give  up  the  point,  and  build  another  in  a  di^rent  direction  s 
but,  if  the  old  one  led  toibme  favourite  plunder,  in  a  few  days 
%vill  rebuild  it  again  ;  and,  unlefs  you  deftioy  their  neft,  never 
totally  abandon  their  galle/y. 

The  Termites  arhorum,  thofe  which  build  in  trees,  frequently 
eftablifh  their  neds  within  the  roofs  and  other  parts  of  houies, 

to  which  they  do  confiderable  damage,  if  not  timely  extir- 
pated. 

The  large  fpecies  are,  however,  not  only  much  more  de- 

Arudive,  but  more  difficult  to  be  guarded  againft,  fmce  they 
make  their  approaches  chiefly  underground,  defcending  bclo^v 
the  foundations  of  houfe^s  and  ilores  at  feveral  feet  from  the  fur- 
hcc,  and  dfing  again  either  in  the  floors,  or  entering  at  the 

aad  are  to  be  feen  all  the  year  round  travelling  from  the  plants  along  their  road  t* 
the  neft,  with  each  one  of  thde  circuiar  pieces  of  leaves  in  their  jaws,  which^ 
from  their  (hape  and  colour,  give  a  very  good  idea  of  people  watkiag  with  pan* 
ioft  ^lunbreUaa)*  MiaiAH,  lnft&t$  dt  Surinm^  p*  il« 

bottoms 


Digitized  by  Google 


the  Termites  of  Africa  and  ctfjcr  ho'i  Climates,  ^ijj 

lx>ttoms  of  the  pofts,  of  which  the  fides  of  the  buildings  are 
compofed,  bore  quite  through  them,  following  the  courie  of 
the  fibres  to  the  top,  or  making  lateral  perforations  and  cavities 

here  and  there  as  they  proceed. 

While  Ibme  are  employed  in  gutting  the  pofls,  others  afcend 
from  them,  entering  a  rafter  or  lume  other"  part  of  the  roof.  If 
they  once  find  the  thatch,  which  feems  to  be  a  favourite  food, 
they  ibon  brmg  up  wet  day,  and  build  their  pipes  or  galleries  . 
through  the  roof  in  various  directions,  as  long  as  it  will  fupport 
them;  fometimes  eating  the  palm-tree  leaves  and  branches  of 
which  it  is  compofed,  and,  perhaps  (for  variety  feems  very 
plcahng  to  them)  the  rattan  or  otiier  running  plant  which  is 
uled  as  a  cord  to  tye  the  various  parts  of  the  roof  together,  and 
that  to  the  poib  which  fupport  it :  thus,  with  the  afliflance  of 
the  rats,  who  during  the  rainy  feafbn  are  apt  to  fhelter  them- 
felves  there,  and  to  burrow  through  it,  the)  verv  loon  l  uiii  the 
houle  by  weakening  the  fallenings  and  expollng  it  to  tlie  wet. 
Li  the  mean  time  the  pods  will  be  perforated  in  every  dircdion 
as  full  of  holes  as  that  timber  in  the  bottoms  of  fhips  which 
has  been  bored  by  the  worms ;  the  fibrous  and  knotty  parts, 
which  are  the  hardef^,  being  left  to  the  Ia(l(3*>. 

They 

The  worms,  ib  pernktow  t»  our  ihlpping,  tppetr  to  hive  the  ftme 
ofioe  allotted  ihem  in  the  waters  which  the  Termites  have  <m  the  lanil.  They 
wili  appear,  on  a  vciy  little  eonfiilentioii,  to  be  moil  importaat  bdngs  in  the  great 
dnin  of  creation,  aodpleafiag  demonftrations  of  thnt  infimtely  wiic  and  gracious 
Teirer  which  formed,  and  ftUl  preferves,  the  whole  in  fudi  wonderful  order  and 
beai^ :  for  if  it  was  not  for  the  rapacity  of  thefe  and  fuch  animals,  tropical 
mciSf  and  indeed  the  ocean  itfelf,  would  be  choked  with  the  bodies  of  trees 
which  are  annually  carried  down  by  the  rapid  torrents,  a»  many  of  t?icm 
would  laft  for  ages»  and  probably  be  productive  of  eviU,  of  wluch,  liappily. 
Vol..  UUJ.  A  a  wc 
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They  fometimes,  in  carrying  on  this  bufinefs,  find,  I  will 
not  pretend  to  fay  how,  that  the  poft  has  fome  weight  to  fup- 
port,  and  tlien  if  it  is  a  convenient  track  to  the  roof,  or  is  itielf 
a  kind  of  wood  agreeable  to  them,  they  bring  their  mortar, 

and  fill  all  or  mod  of  the  cavities,  Icavlnp^  the  neceflary  roads 
through  it,  and  as  faft  as  they  take  away  the  wood  replace  the 
vacancy  with  that  material ;  which  being  worked  together  by 
them  clofer  and  more  compa3;ly  than  human  ftiength  or  art 
could  ram  it,  when  the  hou(e  is  pulled  to  pieces,  in  order  to 
examiiif  if  any  of  the  pofts  arc  r.t  to  Ix:  \\\\A  again,  thoIc  of  the 
fbfter  kinds  arc  often  found  reduced  aimoif  to  a  fhell,  and  all  or 
a  greater  part  transforme  d  from  wood  to  clay  as  folid  and  as 
hard  as  many  kinds  of  free-flone  ufed  for  building  in  England* 
It  is  much  the  fame  when  the  Termites  heUicofi  get  into  a  cheft 
or  trunk  containing  cloaths  and  other  things ;  if  the  weight 

we  cannot  in  the  prefent  harmonioas  ftate  of  thiog*  form  any  idea*{  whtfeamoir 
being  eonfumed  by  thefe  animals,  they  are  more  eafily  btolcen  in  piecei  by  d» 
waves ;  and  the  fragments  which  are  not  devoured  become  ij|»edfically  lighter, 
and  arc  confequently  more  readily  and  moreeHefhially  thrown  on  (hore,  where  the 
fun,  wind,  infcAs,  and  various  other  inftnunenti,  IpeedSy  promote  thieir  entile 
diflbiution,  and  refto^  the  conHituent  particla  to  that 

—————  **  Mighty  hand, 
Which,  ever  bufy,  wlieeU  the  filentfpherea ; 
**  Works  in  the  fccrcl  deep  ;  flioot?,  beaming,  theoce 
**  Tlu'fr.ir  profufion  that  (/ctTprcails  the  fpnngS 
*'  Flings  from  thefundire£t  the  flaming  day  ; 
"  Feeds  every  creatnre ;  hur^^  the  tempeft  forth; 
"  And,  as  on  earth  this  gratcfal  change  revolves. 

With  traolport  touches  all  the  fpringt  of  Ufe.**  THofisoir; 

et  ThM  wood  will  oicltire  in  witer  an  ttnattiif  wnobcr  of  wgjtt,  is  Sfparent  ftwa  the  mA/tttn  vhidk 
Were  driven  ioto  the  bed  of  th«  river  Thamet  on  the  imnfio*  of  thti  iflaod  by  Jtdmt  C^fatt  one  of  which  is 

to  be  fieii  ill  Sir  A5  M  T  0  N  L  I  %  E  ri'i  Mofcum,  and  IJkcwif*  from  tliofc  bcxlin  of  trees  which  are  daily  four  J 
in  tlie  Knjs  and  mi^rif!i  of  Great  JJritilri  ^x\<i  Inlanct,  which  aftrr  »  durnion,  the  former  of  cighieco 
huotixcd,  the  Itttcr  of     v.-uiU  of  two  (houisod  ycart;  aic  ^auttd  iu  a  |>crfcA  iUic  vl  frefcrrMion. 

'  above 
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the  Termites  of  Africa  end  other  hot  Climates.  i 
above  is  great,  or  they  are  afraid  of  Ants  or  other  enemies, 
tod  have  time,  they  carry  their  pipes  through,  and  replace  a 
great  part  with  clay,  running  their  galleries  in  various  direc- 
tions. The  tree  Termites,  indeed,  when  they  get  within  a 
box,  often  make  a  neil  there,  and  being  onc"  in  polldiic.n  tlcftroy 
it  at  their  leilure.  Tliey  did  fo  to  the  pyiamidal  box  which  con  - 
tained  my  compound  microfcope.  It  was  of  mahogany,  and  I 
had  left  it  in  the  ftore  of  Governor  Campbell  of  Tobago,  for 
a  jew  Rionths,  while  I  made  the  tour  of  the  Leeward  Iflands. 
On  my  return  I  found  thefc  mie£b  had  done  much  mifchief  in 
the  (lore,  and,  among  other  things,  had  taken  pofldrioa  of  the 
microfcope,  and  eaten  every  thing  about  it  except  the  glafs  or 
metal,  and  the  board  on  which  the  pedefbl  is  fixed,  with  the 
drawers  under  it,  and  the  things  inclofed.  The  cells  were 
bailt  all  round  the  pedeftal  and  the  tube,  and  attached  to  it  on 
every  fide.  Allthcglafl'es  which  were  covered  with  the  wooden 
fubftance  of  their  nefts  retained  a  cloud  of  a  gummy  nature 
tipon  them  that  was  not  eafily  got  off,  and  the  lacquer  or 
buraifli  with  which  the  brafs  work  was  covered  was  totally, 
(polled.  Another  party  had  taken  a  liking  to  the  (laves  of 
a  Madeira  calk,  and  had  let  out  almoft  a  pipe  of  fine  old  wine. 
If  the  large  fpecies  of  Africa  (the  termites  bellico/i^  had 
been  fo  long  in  the  uninterrupted  poiTcilion  of  fuch  a  ftore, 
they  would  not  have  left  twenty  pounds  weight  of  wood  re« 
maining  of  the  whole  building,  and  all  that  it  contained 

Thefc 

(37)  Captain  Phillip  the  nayjr,  who  wai  fome  time  at  the  BraaUi  in  the 
iiervice  of  Portugal,  gives  me  the  following  relation.      An  engmeer  returoed 

from  funreying  the  country,  left  hb  trunk  on  a- table:  the  next  morning,  nAt 
«  ooljr  ^  hi*  cloatht  were  deftroyed  by  whlu  Ants  or  CutierSf  bot  his  papers  alfo ; 
**  Hid  the  Utter  ia  ftieh  a  maaner,  that  there  was  not  a  bit  left  of  an  inch  fquare*' 

A  a  a  "The 
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Thefe  inkcls  rre  not  lefs  expeditious  in  dtflrojing  the 
fiieh'es,  wainlcotting,  and  otiier  fixtures  of  an  lioufe,  than  the 
lioufe  itfelf.  They  are  for  ever  piercing  and  boring  in  all  direc* 
tions,  and  ibmetimes  go  out  of  the  broadfide  of  one  poil: 
into  that  of  another  joki in g  to  it ;  but  they  prefer  and  always- 
delhov  the  fofrer  fubftances  the  firfr,  aiid  arc  particularly 
fond  of  pine  and  tir-boarJs,  whic  h  they  excavate  and  carry  away 
with  wottderfvil  difpatch  and  alloniihing  cunning :  for,  except  a 
Ihelf  has  fomething  landing  upon  it,  as  a  book,  or  any  thing 
elfe  which  may  tempt  them,  they  will  not  perforate  the  furface, 
hut  arti'uliy  preferve  it  quite  whole,  and  eatnway  all  the  infide, 
except  a  few  fibres  which  barely  keep  the  two  fides  connecled" 
together,  fo  that  a  piece  of  an  inch-board  which  appears  folid 
to  the  eye  wiU  not  weigh  much  more  than  two  fheets  of  pafb- 
hoard  of  equal  dimenfions,  after  thefe  animals  have  been  a  litde* 
while  ill  poflcfUon  of  it  <i')  C3»>  la  fliort,  the  Tennites  are 

fo. 

<*  The  black  lead  pencils  were  likewifc  fo  completely  4eftsoyed^  that  die  finalkft 
"piece,  even  of  the  If  lack  Uad  cxM  not  be  found.  The  doathi  wer«  not 
^^eiuircfy  cut  to  pieces  and  carrM  away,  but  appeared '81  if  moth'eaten,  there 
<•  bcu.g  icarce  a  piece  as  large  u  a  ibiUtag  that  was  free  from  finall  faolei  j  and 
U  was  iurther  remarkable^  that  Uaati^ir  cftn,  whicbwaa  in  the  tsonk»  had  a 
"  number  of  bUck  fpccka  «ii  it,  caufed  by  fomething  fo  cQrrofive.that  they  could 
««  not  eafily  he  mbbed  off  eyen  with  fand."  Q]jeen*i>£iiiare»  Wednefday,  Jan. 

<3t)  «•  The  white  Ants  are  traofjiarent  at  glaft,  and  bite-  to  fbrctUyv  that  tit 
•^thcfpaee  of  one  night  alone  they  can  eat  their  way  through  a  thick  wooden 
**  eheft  of  goods,  and  make  it  as  full  of  holes,  as  if  it  had  been  fbot  through 
«*-withhaa-lhot.*^  aosMAW'sGuineaj  p.  276^  ^  499" 

(39)  moose's  Travels,  p.  aei. 

M  Voyage. de  x.ABAr  aux  Ifles,  toni.  H.  pk  331. 

(41)  H  The  wood  Ants  are  the  moft  peniicioiis  of  all  ethers,  being  fo  veiy 
*^defirudixe.  to  tiaiber  cf  moSt  ibft»|  that,  if  mot  pteveBted,  they-  wilt  ta  a  few 
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ff>  Infidioiis  in  their  nttacLo,  that  we  cannot  be  too  much  on 
our  guard  ngaliifl:  them  :  they  will  fomctimcs  begin  and  raifc 
their  works, efpccially  in  new  houfes,  through  the  floor  If 
you  deftroy  the  work  fo  begun,  aud  make  a  fire  upon  the  ipot,  the 
next  night  they  will  attempt  to  rile  through  another  part ;  and, 
if  they  hnppen  to  emerge  under  a  cheft  or  trunk  early  in  the 
night,  will  pi-.M-re  tb.c  bottom,  and  dtlh'oy  or  fpoil  every  thinj^ 
in  it  before  t!i(.'  morning         On  thcfe  accounts  we  arc  careful' 
to  iet  all  our  chefls  and  boxes  upon  iloncs  or  bricks,  fo  as  to 
leave  the  bottoms  of  fuch  furniture  fome  inches  above  the 
ground ;  which  not  only  prevents  thefe  infedls  finding  them 
out  (b  readily,  but  preferves  the  bottoms  from  a  corrofive  damp 
which  wonld  ftrifce  from  the  earth  through,  and  rot  every 
thing  therein  :  a  vail  deal  of  vermin  alio  would  harbour  under, 
luch  as  Cock- roaches.  Centipedes,  Millepedes,  Scorpions,  Ants,, 
and  various  other  noifbme  infefts. 

When  the-Termites  attack  trees  and  branches  in  the  open  air, 
they  fometimes  vaiy  their  manner  of  doing  it.  If  a  ilake  in  a 
hedge  has  not  taken  root  and  vegetated,  it  becomes  their  bufi'- 
nefs  to  dclhoy  iu    If  it  has  a  good  Ibuud  bai^k  round  it,  tliey 

**  yean  time  deflroy  the  wticle,f0of  of  tn  hoofe,  efpccially  if  it  be  of  foft  tira- 
«^ber.— *Tbqr  have  likewiie  cauled  great  lodei  to  fitop-keeperi,  by  boring. 
^*  xhtw^  whole  balte  of  lionen  as  well  as  woolin  cloth't.   uvghei**  Barbadoc», 

^93* 

(4»)  The  floors  arc  generaUy  made,  of  the  (lone  or  clay  taken  from  the  hiUt  • 
raifed  by  thcfe  infedt,  which,  being  moiilened  with  water,  atid  mixed  by  treading, 
is  beuten  lerel,  fmootb,  and  compact,  with  their  iieet  and  a  kind  of  haad>bat  or 

beetle. 

(43)  "  One  night,  in  a  few  hoxirs,  they  pierced  one  foot  of  the  table,  z\\<X' 
'^(having  in  that  manner  nfcendcd)    cariitvl   their  arch  ncrcfj  it,    and  then 
**  dov/n  through  the  middle  oi  the  other  foct  iiitn  t!ie  floor,  as  good  hick  \vould'. 

have  it,  ^vithout  doing  any  damage  to  the  papers  left  there."   KXMPffia  Hift*. 
Jftpan,  \-or.  II«  p<  i'7* 

Willi 
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will  enter  at  the  bottom,  and  eat  all  but  the  bark,  which  Wiii 
remain,  and  exhibit  the  appearance  of  a  folid  Aick  (which  feme 
vagrant  colony  of  Ants  or  other  inledts  often  fheltcr  in  till 
the  winds  difperfe  it) ;  but  if  thejr  cannot  trufl  the  bark,  they 
cover  the  whole  itick  with  their  mortar,  and  it  then  looks  as 
if  it  had  been  dipped  into  thick  mud  that  had  been  dried  on. 
Under  this  covering  they  work,  leaving  no  more  of  the  fl^ick 
and  bark  than  is  barely  fufficient  to  fupport  it,  and  frequently 
not  the  fmallefl:  particle,  fb  that  upon  a  very  fmali  tap  with 
your  walking  iUck,  the  whole  £^ake»  though  apparently  as  thick 
as  }'our  arm,  and  five  or  iix  feet  long,  loies  its  form,  and 
difappcarlng  like  a  fhadow  falls  in  iinall  fragments  at  your 
feet.    They  generally  enter  the  body  of  a  large  tree  which 
has  fallen  through  age  or  been  thrown  down  by  violence,  on 
the  fide  next  the  ground,  and  eat  away  at  their  leifnre  within 
the  birk,  without  giving  themfelves  the  trouble  either  to 
cover  it  on  the  outiide,  or  to  replace  the  wood  which  they  have 
removed  from  withiii,  being  fomehow  fcnfible  that  there  is  no 
neceflity  for  it.   Thefe  excavated  trees  have  deceived  me  two  or 
til  ree  times  In  running :  for,  attempting  to  ftep  two  or  three  feet 
high,  I  might  as  well  have  attempted  to  ftep  upon  a  cloud,  and 
have  come  down  with  flich  unexpeded  violence,  that,  befides 
(hakiijg  my  tcLtli  and  bones  alaiofl  to  dillot.iiion,  I  have  been 
precipitated,  head  foremofl,  among  the  neighbouring  trcei» 
andbulhes*    Sometimes,  though   ieldom,  the  animals  are 
known  to  attack  living  trees;  but  not,  I  apprehend,  before 
fymptoms  of  mortification  have  appeared  at  the  roots, .  fince  it  is 
evident,  as  is  before  obfervcd,  that  thefe  iiifev^ls  are  intended  ui 
the  order  of  nature  to  haden  the  dillblntion  of  fuch  trees  and 
vegetables  as  have  arrived  at  their  grcatcil  maturity  and  pcr- 
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fe(5llon,  and  whiv;li  would,   by  a  tedious  decay,   ferve  only 
to  encumber  the  face  of  the  earth.    This  purpofe  they  anfwer 
fb  efie^ally,  that  nothing  pcrlHiable  efcapes  them,  aiid  it  is 
sdmoft  impoffible  to  leave  any  thing  penetrable  upon  the  ground 
a  long  time  in  &fety ;  for  the  odds  are,  that,  put  it  where  you 
will  abroad,  they  will  find  it  out  before  the  following  mornliig, 
andits  deflruifllon  follows  very  foon  of  courfe.    In  confequenee 
of  this  difpohtion,  the  woods  never  remain  long  encumbered 
with  the  fallen  trunks  of  trees  or  their  branches ;  and  thus  it 
18,  as  I  have  before  obferved,  the  total  deftru€^ion  of  deferted 
towns  is  fb  effWhially  completed,  that  in  two  or  three  years  a 
ti.i^k  wood  fills  the  fpacc  ;  and,  unlefs  iron-wood  polls  have  been 
made  ufe  of,  not  the  1  aft  veftige  of  an  houfe  is  to  be  difcovered. 
The  firft:  objedt  of  admiration  which  ftrikes  one  upon  open*- 
ing  their  hills  is  the  behaviour  of  the  fbldiers«  If  you  make  a 
breach  in  a  flight  part  of  the  building,  and  do  it  quickly  with  a 
ftrong  hoe  or  pick-axe,  in  the  fpace  of  a  few  fcconds  a  f()ldier 
will  run  out,  and  walk  about  the  breach,  as  if  to  fee  whether 
iheenemy  is  gone,  or  to  examine  what  is  the  caufe  of  the  attack.- 
He  will  fbmetimes  go  in  again,  as  if  to  give  the  alarm :  but 
mod  frequently,  in  a  fliort  time,  is  followed  by  two  or  three 
others,  who  run  as  faft  as  they  can,  ftraggling  after  one  ano- 
ther, and  are  foon  followed  by  a  large  body  who  rufli  out  as 
iaft  as  the  breach  will  permit  them,  and  lb  they  proceed,  the 
number  ihcreafing,  as  long  as  any  one  continues  battering, 
their  building  (^)«:  It  is  not  eaiy  to  defcribe  the  rage  and 

fury 

(44)  «<  They  thrmr  up  little  hills  of  ftmnor  ci^t  Icct  high,  fo  very  full  of 
**  holes  that  they  rather  feem  like  hoa^-comba  than  burrows.  Thcfe  Aat  hiUt 
"  arc  of  a  veiy  fmall  circumference  in  prop<Htion  to  their  height,  being  fliarp  at  top, 

ib  that  to  j)idge  by  tholookiof  them  one  would  think  the  wind  could  blow  them 

**  dowiMi' 
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fury  they.  (hew.  In  their  hurry  they  frequently  their 
hoH,  and  tumble  down  the  fides  of  the  hill,  but  recover  them- 

Iclves  as  quickly  as  pofUblc ;  and,  being  blliul,  bite  every 
tiling  tlicy  run  againft,  and  tiius  make  a  crackling  noife,  while 
ibme  of  them  beat  rejjcatedl  v  with  their  forceps  upon  the  buiid* 
lug,  and  make  a  ftnall  vibrating  noife,  fomething  (hriller  and 
quicker  than  the  ticking  of  a  watch  :  I  could  diftinguiih  tbi$ 
noife  at  three  or  four  feet  difVance,  and  it  continued  for  a  minute 
at  a  time,  with  (hort  hitervah.  While  the  attack  proceeds  they 
are  in  tbe  moll  violent  buiUe  and  agitation.  If  they  get  hold  of 
anyone,  they  will  in  an  iiillant  let  out  blood  enough  to  weigh 
againft  their  whole  body ;  and  if  it  is. the  leg  they  wound,  you 
will  fee  the  (lain  upon  the  ilocking  extend  an  inch  in  width. 
They  make  their  hooked  jaws  meet  at  the  firft  fbroke,  and  never 
quit  their  hold,  but  fufFer  thcmlelves  to  be  pulled  awny  leg  by 
leg,  and  piece  after  piece,  without  the  leaft  attempt  to  elbape. 
On  the  other  hand,  keep  out  of  their  way,  and  gtve  them  no 
interruption,  and  they  will  in  lels  than  half  an  hour  retire  into 
the  neft,  as  if  they  fuppofed  the  wonderful  monfter  that  da- 
maged thcii  eailK-  to  be  gone  beyond  Lhelr  re  ich.  Before  they  are 
all  got  in  you  will  fee  the  labourers  in  motion,  and  hallcniag 
in  various  dire^ions  toward  the  breach :  every  one  with 
a  burthen  of  mortar  in  his  mouth  ready  tempered.  This,  they 
ftick  upon  the  breach  as  feft  as  they  come  up,  and  do  it  with 
io  mueh  difpatch  and  facility,  that  althougli  there  are  thou- 
lands,  aj;^d  I  may  lay  millions,  of  them,  they  never  ftop  or 

*•  down.    1  one  day  attempted  to  knock  off  the  top  of  one  of  them  with  my  cane, 
*•  bur  iIiL-  lUckf  l.ad  no  other  etfcd  th.m  to  bring  feme  thoufauds  of  the  animak 
"  out  of  doui.s,  to  let  uh.it  v.. IS  the  matter:  iipoti  whic'i  1  look  10  /iiy  heels  aad 
ran  away  as  tad  as  i  tpuld."   smith's  Vojiige  to  Gumca, 

cmbarrafs 
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embanwft  due  anotliBr;.  and  yoir  w»  aicft  a^paaably  deceive^ 
when,  after  an  ififKi»nt£c»iie  of  hiirry  and  Gonluiion^  a  tegu^ 

hr  wall  ariies,  gradually  filling  up  the  cliafm.  While  they  arc 
thus  employed,  alixK>&all  the  foldiers  arc  retired  quite  out  of 
fight,  eaiospt  here  and  there  one,  wiu)  iaunCer-s  abopt  among,  (b^ 
bandrtd  «v&te«6iiid:of  tbe  iabonsers;,  but.  oevet  touches  the 
moMroMMrtoliftoreanyit;  cne^  ia^ticutar,  ptaceahifla* 
felf  clofe  to  the  wdi  they  aue  bdldhig.  This  foldier  will  turn 
himfelf  leifurcly  on  ail  hJes,  and  every  now  and  then,  at  Inter- 
val a  jainute  oc  tw<v  ^  head>  aud  with  his  foxceps 
betrupKi  dke  btiildmg^  and  make  the  vihratlng.  noife  befiNEe 
undawd:;  on.  wfaicb  MBmcdiatdly  ftli»ud  hiis^  which  appearsi 
cone  km  aft  tfie  labounrs»  ifluas  framr  within  fide  the. 
(iome  and  all  the  f  ub terraneous  caverns  and  paflagea.:  that  it 
dots  come  from  the  labourers  is  very  evident,  for  y<)u  will  lee 
diem^  alt  hailen  aCOBBgD  ^d»%ial,..redQubi^  cheif  j^aca,.  audi 

AMfae  mdSb  iotereffiiigr«Fcd«M»ls  faMcnnt^duli  bj  fepfCitiw. 
or  cootinuance^     tfaft  vnUbanifif  wkli  wbiah.liusrbu€ae(0ia* 

carried  on,  thougb  fo;  very  wonderful,  at  laft  (atiates  themindk 
A  lenewal  of  the  attacfc,  however,  ini^antly  changes  the  fceae, 
ani  gf«Bfie«>oiir  euriofity  ^11  more*.  At  ^ery  i^roke^  we  hear,  a. 
Mbil^;  and  on. f»fli  the  l^uif ri  nia  iato^  th^many  pipes. 

do  io  quickly  that  they  feem  to  vamfli,  for  in  a  few  (econds  all 
are  gone,  and  the  foldiers  rulh  out  as  numerous  and  as  vindidive 
a8.bofow.<«>.   On  finding  no  enemy  they  return  again  leii u  re  ly 

into 

Ika  Ibldiert  being  fo  ready  to  run  out  upon  the  repetition  of  the 
attack,  it  apyfnir,.  tbat  ihcy  but  juH  withdraw  out  of  fight,  to  leave  room  for 
Iht  Mbovr^n  to  pieeccit  without  interruptioa  id  ngiwg  the  breach,  and  in  thi« 

*  4 
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mto  the  hUl,  and  veiy  ibon  after  the  bbDUiera  appear  loaded  a» 

at  firft,  as  active  and  as  fedulous,  with  ibliHers  here  and  there 
among  them,  who  a6l  juft  in  the  fame  manner,  one  or  other 
of  them  giving  the  figaal  to  haflen  the  bu^aefs.  Thus  the 
pleafure  of-  feeing  them  come  oat  to  fight  or  to  woik  ^Uer-. 
natd jr  may  be  obtamed  as  often  as  cnriofiiy  eaodtes  or  time  ^ 
permits :  and  it  will  certainly  be  found,  that  the  one  order  never 
attempts  to  fight,  or  the  other  to  work,  let  the  emergency  be 
ever  fo  great. 

We  meet  vaft  obftacles  m  examiniog  the  interior  parts  of 
theie  tumuli. .  In  the  firil  place,  the  works,  for  inftapoe, 
.   .  the  apartments  which  furroiind  the  royal '  chamber  and*  the 
norferies,  and  indeed  the  whole  tntemal  £ibric,  are.moifi^ 
and  confequently  the  clay  is  very  brittle  :  they  have  al(b  fb 
dole  a  connexion,  that  they  can  only  be  feen  as  it  were  by 
piece-oneal;  for  having  a  kind  of  geometrical,  dependance  or. 
abutment  againft  each  other,  the  breakii^  of  one  ardi  puUsikiwii. 
two  orthree^  '  iTo  thefe'  obftacles  .muft/be-  added  .thftfobDi* 
nacy  of  the  foldiers,  who  fight  to  the  very  lafl,  difputing, 
every  inch  of  ground  fo  well  as  often  to  drive  away  the 
negroes  who  are  without  fhoes,  and  make  white  people 
bleed  plentifnily  through  their  fbckizigs.   Neither  iiNin  -  li^; 
krii  {building  (band  fb  as  to  get  .aview  o£.the  liit)si;^dr  pl^' 
without  interruption,  for  wlule  the  fbldim  are  defendillg^  tl^e. 

ia^ee  they,  fliew  more  go«d.  fenft  than  the  btlk  of  mankind,  for,  in  cafe  of  a  con-^ 
Itp^ratjofi  la  ^  .clt^r,  ^jraipber  of  j^^le  who  aflemble-to  fl^e  ii  much  g7iea|er ' 
thin  of  tbofe  who  cMoie  to  affiH,  and  the  former  alwayi  iotirnipt  ind  hfaider  xki^ 
lattef'in  their  efforts.  The  fudden  retreat  of  the  Jabouren,  in  caie  of  ao  alann, 
im  alfo  a  wonderful  inftanee  of  good  order  and  difcipline,  feldomieen  in  fiopaloiia 
ettiei,' where' wcr  frequently 'find  helpJelil  people,  women,  and  children,  srithottt 
^any  UI  intention,  interroixia|  in'Viofent'tUAultt  and  dangennn  rkMi*  . : 

"   •  >  ■  ■  r*^  "  ottt-woAs^- 
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out-works,  the  labourers  keep  barricaJoiiig  all  the  way  agaiufl  us, 
ilopping  up  the  ditierent  galleries  and  paiiages  wliich  lead  to  the 
various  apartments,  particularly  the  rayal  chamber,  all  the  en- 
trances to  .which  they  fill  up  {o  artfully  as  not  to  let  ic  be  diftin- 
gttifliabJe  whiioit  remains  rooift ;  and  externally  it  has  no  other 
appearance  than  that  of  a  fhapelcfs  lump  of  clay<4*).  It  is,  however, 
calily  tuuiicl  fioiii  ilo  ikuatiQu         vcipLCt  to  the  other  parts  of 
the  building,  and  by  the  crouds  ot  lauourcis  and  foldiers  which 
iurrouod  it,  who  (hew  their  loyalty  aad  fidelity  by  dying  un- 
der its  walls.   The  royal  chamber  in  a  large  ned  is  capacbus 
enough  to  hold  many  hundreds  of  the  attendants,  befides  the 
royal  pair,  and  you  always  find  it  as  full  of  them  as  it  can 
hold.      Thefe  faithful  fubjedls  never  abandon  their  charge 
even  in  the  laft  diftrefs ;  for  whenever  I  took  out  the  rovn! 
chamber,  and,  as  I  often  did,  preferved  it  for  fbme  time  in  a 
large  glafs  bowl,  all  the  attendants  continued  running  in  one 
diredion  round  the. king  and  queen  with  the  utmoft  fblicitude, 
(bmeof  them  ftoppingonev^ry  circuit  at  the  head  of  the  latter, 
as  if  to  g^ve  her  fomething.   When  they  came  to  the  extre-^ 
mity  of  the  abdomen,  they  took  the  eggs  from  her,  and  carried 
them  away,  and  piled  them  carefully  together  in  fome  part  of 
the  chamber,  or  in  the  bowl  under,  or  behind  any  pieces  of 
broken  clay  which  iay  moil  convenient  for  the  purpofe. 

(4*)  In  tal».  Vlll.  fig.  2.  and  4.  theentnnccs  of  the  royal  chamber,  now  exhi- 
bited, are  reprcfented  open.  They  were  all  fhut  hy  the  labourers  before  I  had 
got  toil,  and  were  opened  fincc  I  arrived  in  England.  T-vn  or  thrc^  of  them, 
bcwc^'cr,  arc  not  quite  open  io  tkc  ciumbcr  itfelf,  and  that  ucx:  vac  breach  at  A, 
and  marked  with  a  crofs  ®,  is  ftiU  left  fliut,  as  a  fpccimen  or  the  manner  in 
which  they  do  it.  1  luvc  alfo  more  royal  chambers  and  various  fpcciincn?  of  tlie 
interior  buildings,  with  feveral  galleriet  and  paflagcs,  ihut  up  vihiie  wc  were 
attacking  the  neft. 

• .  .  ■  '  J3  b  2   .  .  Some 
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Some  of  thele  little  unhappy  creatures  would  ramble  from 

the  chamber,  as  if  to  explore  the  caiife  of  fuch  a  horrid  ruin 
and  cataftrophe  to  their  immenfe  building,  as  it  muft  appear  to 
them ;  and,  after  fruitlefs  endeavours  to  get  over  the  fide 
of  the  bowl,  return  and  mix  with  the  croud  that  continue 
running  round  their  conunon  parents  to  thelaft  "(tab*  VUL  % 
4.  B.).  Others,  placing  themfelvcs  sdong  her  fide,  get  hold  of 
the  queen's  vaft  matrix  with  their  jaws,  and  pull  with  all  their 
flrength  io  as  vifibly  to  lift  up  the  part  which  they  fix  at ;  but, 
as  I  never  faw  any  gScOl  from  thele  attempts,  I  never  coidd 
determine  whether  this  pulling  was  with  an  intention  to  remove 
her  body,  or  to  iHmulate  her  to  move  herfelf,  or  for  Tiny  other 
purpofc;  but,  after  many  inefFe(ftual  tugs,  they  would  defrft 
and  join  in  the  croud  running  round,  or  affift  Ibme  of  Hiofe 
who  are  cutting  off  clay  from  the  external  parts  of  the  cham- 
ber or  ibme  of  the  fr^;ment8  and  moiftening  it  widi  the 
juices  of  their  IxNdieSy  to  begin  to  work  a  th'm  arched  iUi 
over  the  body  of  the  queen,  as  if  toexdudethe  air,  or  to  hide 
her  from  tlie  obfervation  of  fomc  enemy.  Thele,  if  not  iri' 
terrupted,  before  the  next  morning,  completely  cover  her, 
leaving  room  enough  svithin  for  great  numbers  to  run  about  her. 

I  do  not  mention  the  king  in  this  cafe,  becauie  he  is  very  imal) 
in  proportion  to  the  queen,  not  being  bigger  than  thirty  of  the 
labourers,  fo  that  he  generally  conceals  himfelf  under  one  iide 
of  the  abdomen,  except  when  he  goes  up  to  the  queen's  head, 
which  he  does  now  and  then,  but  not  fo  frequently  as  the  lelt* 

If  in  your  attack  on  the  hill  you  ftop  fhort  of  the  royai<cham« 
bef,  and  cut  down  about*  half  of  the  building,  and  leave  open 
ibme  thoulands  of  galleries  and  chambers,  they  will  all  be  fhut 
up  with  thin  fhcets  of  clay  before  the  next  moniing.  If  even 
the  whole  is  pulled  down,  aad  the  different  buildings  are  thrown 
4  .  *  itt 
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tOB^iobiifiirod  heap'Af  niius*  provi^^  the'tuag^d  queen  sue 
fiat  Agflncrjiedor  taken  «way,  every  interiO^  between  ^e.nuns,' 

at  which  cither  cold  or  wet  can  poffibly  enter,  will  be  fo  covered 
as  to  exclude  both,  and,  if  the  animals  are  left  undifturbed, 
in^bout  a  year  .they  will  .taife  the  iHiUdu^g  .0  i^par  it^^paftine 
fixe  aniiigrandesr. 

HheanrchingTennites  tvt  logA  left  viirious  in  thdr  onkr,  a9 
f«r2a»  i4itire;fasdan  oppoituni)i?y«f  obfervia^them,  thanthofe 
dclcribed  before.  This  ipecies  ijeejiis  much  icarcer  and  larger 
than  the  Vermes  bclUcoftii.  I  could  get  no  in)fomia|cjpn  relative 
to  diem  fcom  tke  bladt  .people,  from  which  I  ^joojadtuxe  tbqr 
setlktlp^kiiomitothemx  si^ieeiagit-hGm  was  ver|r.accidcotM. 
0|Midi)c,  haviiig  made  sn  eiict)r(ioiiiWttkia)y]gun  up  the^iiv^^ 
Camerankoes,on  my  jctum  through  the  thick  foreft,  win] ft  I  was 
fauntering  very  filently  in  hopes  of  finding  fomc  fport,  on  a  fud- 
den  I  heard  a  loud  hils^  which,  on  account  of  the  mauyibipems 
a  Ifaoie  ccmntcies*  is  m  nrioft  alarming  found.  The  :^xt  ile^ 
cmied  a  repeticbn  of  the.  noifr;  .'whijch  l  ibdn,rea9gtuzed, .  and 
ins  rather  (urpriied  feeing  no  covered  ways  or  hillc.  The 
noife,  however,  led  mc  a  tew  paces  Irom  the  path,  where,  to 
gieat  aftomlhment  and  pleafure,  I  faw  an  army  of  Te*- 
inile8.«ointng  out  of  a  hole  in  the  graHiid>  ^ha^hcoulii.no^  he 
dMve:fiiiir  or  ^e  inches  wide*  Thqr  came  out  in  vaft  noinr 
hott^  OBiivng  fiyrward  as  faft  feemingly  as  it  was  po^ihle  for  them 
to  marck.  Jn  Icfs  than  a  yard  from  this  place  they  divided  in  to 
two  ftrcams  or  columns,  compolcd  chiefly  of  the  firil  order, 
iK^ich  I  call  labouiers^  twdlvc  oc  iiftecQ  arhreail^.  ^nd  ctouded 
aa  dole  ^tax  one  another  as  iheep  in  a  drove)  jgoiQg  flraight 
ferwaid  without  deviating  to  the  light  or  left,  ^mong  theie, 
here  and  one  of  the  (bldiers  was  to  -be'  i^n,  trudging 

along  with  them,  in  the  faaic  mannci,   ucicher  flopping 
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t>r  turning-;  tmE  ais  he  cariidd  hi^  enonAous  4bge  head  wkK-ap* 
f>arent  dHficulty,  lie  put  ih«  in  mbd  of  a  tvetyiacge  ox  an^dft-a 

flock  of  Ihecp.  •'While  thefe  were  buftliirg^  iilong,  a  great [liianjc 
(oWiers  were  to  he  feen  fprend  al)out  on  borhi  lides  of  tb^  two  lines 
of  marchi  fome  aioot  or  two  diftant,  ftaiidjug  fliU  or  lauater- 
iiig  about  as  if  upon  the  look  out  lead  fome  enemy  ifaovki  fud- 
denly  cdme'ii^n  the  Igbdurer^   But  'the/mofk'extraQidtnary 
partGf  ■thie'iharch.Was  the  dcmdajft  Of  fbmr others?  of 'tle  fot* 
(iiers,  who  bavinfg  mounted  the  plants  which  grow  thinly  here 
iand  there  in  the  thick  fhade,  had  placM  themfelves  upon  the 
points  of  the  leavts,  w  hich  were  elevat^  ten  or  fifteen  inches 
above  the  grdund«  and  hui^g  over  the  army  marching  belonr; 
Every  nbi>i^%fid  thenonis  or  other  of  them'  beat-with  his  fbroe^s 
iapbn  the  leaf,  and  tnade  ttie  faniie  ibit  of  ticking  noife  nvihidiJ 
had  fo  frequently  obfervetl  to  be  made  by  the  loidier  who  acls 
the  part  of  a  furveyor  or  fuper-intendant  when  this  labourers 
arc 'at  work  repairing  a  breach  made  in  one  of  the  comnKtn  hills 
of -the  TemttiS'SeWe^*         '%nal  among*  the  maichiog 
white  'Ants  produced  a  iimilar  e^d;  for, 'whenever  it  was 
made,  the  whole  army  returned  a  hifs,  and  obeyed  the  fignal 
'  by  increafing  their  pace  with  the  utmoll:  hui'ry.    The  foldiers 
who  had  mounted  aloft,  and  gave  thefe  iignais,  fat  quite  flill 
during  the  intervals  (except  making  now  and  then  a  (light turn 
of  the  head)  and  feemcd  as  fbiidtous  tolceep  their  pofts'as  regular 
centineh*  The  two  columns  of  the  army  joined  into  one  about 
twelve  or  fifteen  paces  from  their  feparation,  liaving  in  no  part 
been  above  three  yards  afundcr,  and  then  defcended  into  the  earth 
by  two  or  three  holes.  They  continued  marching  by  me  for  above 
an  hour  that  libod  adm'uring  them,  and  ieemed  neither  to  tncceaie 
or  dimtniih  their  numbers,  the  foldiers  only  excepted,  who 

 '  ,    .     ;  '  .  quitted 
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ihi  Termites  of  Africa  and  other  hot  Climates.  ipi 

quitted  the  line  of  marc)i>  and  placqd.themfelv^  at  difieri^ht 
diftances  on  jsach  fide  x)f  the  two  coluoins;  for  they  appeared 
ipnch  OMre  .numerousr  before  I  quitted  the  ipot.  \  N«!t  expe<£i* 
to^riipe  any  change  in  their  inarch,  and  being  pinched  for 
time,  the  tide  being  nearly  up,  and  our  depai;ture  fixed  at 
high  water,  I  quitted  the  fcene  with  fbme  regret,  as  the  obfer- 
vation  of  a  day  or  two  might  Iftsijfe  afibrded  me  the  opportunity 
of  exploring  the  reafbn  and  neceflity  of  their  mardiing  with 
fuch  expedition,  as  well  as  of  difcovering  thdr  chief  iettlement, 
which  is  probably  built  in  the  fame  manner  as  the  large  hills 
before  defcribed.  If  fo,  it  may  be  larger  and  more  curious,  as 
thefeinfedls  were  at  leail  one-third  larger  than  the  other  fpeciesy 
and  confequently  their  buiidhigs  mufl  be  more  wonderful 
poffihle:  thus  much  ig,  fij^^^/tn^^^  be.  fome  fixed  placc^- 
ibr  their  king  aildf^uee^,'  and  th» young  OQes.^  Of  thefe  ipe^* 
des  I  have  not  f<iqnl>he  perfect  infe^^f. 

The  ceconomy  of  nature  is  wonderfully  dilpl.iycd  in  a  com- 
parative obfervattpn,  on^  the  different  fpecies  who  are  calculated, 
tolive  uader  grM^d^M^B^eyu^h^;^^  thig^^ycyay 
which  i^ui^ei  b  grea^E^^i^^ilpn  di^^,:^^  ii^ 
^  two  firfl-  ftates,  that  is;  pf  ftbdtjrers  and  fbldiefs,  have  no^ 
eyes  that  I  could  ever  difcover ;  but  when  they  arrive  at  the 
winged  or  perfect  ftate  in  which  they  are  to  appear  abroad,, 
though  only  for  a  few  hours^  and  that  chiefly  in  the  night, 
they  are  fomiihed  with  two  couipicuous  and  fine  eyes:: 
ib  the  Terms  viarum^  or  marching  Bugga  Bugs,  being  in- 
tended to  walk  in  the  open  air  and  light,  are  even  in  the  firft 
ftate  furniftied  with  eyes  proportionably  as  fine  as  thofe 
which  are  given  to  the  winged  or  perfe^  infers  of  the 
other  ipecies. 

1  am' 


igi  ,  "^^  }lR  *&'athman*s -^rcaw^  &c. 
: '  I  am'afraid  of  encroaching  upon  your  time,  which  leads  mr 
to  drop  the  fubjea  for  the  prefent ;  but,  as  my  materials  zrt 
not  exhaufted,  if  tliefe  (heets  meet  with  your  approbation,  it 
will  encourage  me  to  give  fome  further  particulars,  with  ob* 
fervatian$  and  reflexions,  at  a  future  period.  «  ■ , 

-  I   .  ^  <  -  . ;  6-.   .   -  *^  -  .  -        .    —    ••  '     '  'III 

I  have  tlifi  honour  to  be,  &c.  v 

i.    rXV  -nr  .J  iO  to 
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E^phiutioo  of  the  plafes  to  Mr.  smeathman'»  Account  of 

the  Termites  of  Africa,  tic.    •'  '  " 

^P^'h^'"  *o  Ten««.  bdUcofi,  deftriW 

«M.  Turrets  by  wSich  their  hills  w  r^\r^A  «„4    t      i  ' 
V,„  »    A  r  n        c  e  ««"«  ^re  railed  and  cnlanred,  n.  i  rn 

tf  t^SV^'^rfh"'       r^^^P^^'*^^^  c/n  all  fides  f^ie^re  ?; 

cderin;.  of  provifions  are  fituatcd  without  abyig^ipe 

•rter among  the  vacant  palFagcs  which  furround  the  nurr.r       ^  ^ 

«rr!j„"*^  buiJding,  which  often  Iccms,  tVom  the  arches 

ar7.„g  upward,  to     .doroedonfthefidea  withpimwlJ^  p    ^  : 
c.  Ibcfloorof  the  area  or  nave,  p  156  i  p.  15a..  , 

'myX"f.  fib,""        """^  building.'^,,. 

2E.  I  he  bridges,  p.  15^8.  »  " 

'g.3.  The  firft  ..ppearancM  of  an  liill-nefl  by  twatwrets,  p.  icq. 

f;""'  F?'^""^^  "^'^y*  °^      Termites  arborum,  p.  1 73.  * 

['?•  5.  A  fca.on  of  the  ncfl  of  the  Tcrmites-arbonjia. 

lerving  a  vcflcl  at  lea,  p.  151,  '  * 

7.  A  bull  ftanding  centinel  upon  one  of  tbcfe  ncfts,  whik  the  reft  of  the 
nerd  1$  ruminating  lielow,  pw  151, 

'  Pillj*  Pal«»»-trce.,  from  thcrnnts  of  which  it  made  the  Oleum. 

'^t^ri^'       ?*.  A  feflion  of  a  royal  chaiiiber,  p.  ui. 

iC  '   :  V".  ^''''<^»^      entrances  are  niadi-,  p.  ici, 

&  2.  A  !o„g,tud,nal  leaion  of  a  royal  chamber,  p.  let.    .  - 

*•  The  entrances,  p.  187.  '  *^    *  . 

Fic '7a' 7'  «  '^♦'^  labourers,  p.  187. 

P'  3-  ^  oyal  chamber  fore-fliortened. 
S.4.  I  hc  fame  roy.I  . h  .ul,c,  reprefentrd  a«  juft  opened,  ar,d  difcovering. 

p.  187'*'       "        ^     ^       '     ^-^"o      '^"Se  »^  door,  or  entrances, 

'     folind  ^-rK"""       '''' clofed  ai it 
^«  tound.    The  reft  are  reprefented  as  they  appear  fiace  the  morta^ 

vitb 


with  which  thej  mr^Jbapped      .hu  been  in  pjirt jur^^py^jicked  ott 
wichafmallinftrunfcnt,  ^  tt^.'  ' 
Fig.  5.  A  nurCcry,  p.  153. 

Fijj,  6,  A  lirtlc  nurfery,  with  the  eggs,  the  young  ones,  the  muflirooms, 

mouldiaert,  tec  asjufl  taken  from  the  hill,  p.  t'^  *        ^'  ' 
Fig.  7*  The  ipttflurpoflii  magijW    iflwi^  ^%$m^S4*  . 

Tab.  IX.  fig.  X.  and  2.  The  turret  /»cfts,  wukroo^of^thc  Tcrwes  mordax 

and  a  Ter mc*  atrox  as  figilhec',  p.  159.     -  f^fJEp    j  ^     .j^,  I 
Fig.  3.  Aturrety  wiih  «he  f«0f  begun.. 
Fig.  4.  A  turret,  raifed  only  about  half  its  hciglit. 
Fig.  5.  A  turret,  building  upon  one  which  ba<jQ^n,t|U'4)Wad(MVl)!r.Jilt 
Fijj;.  6.  6.  A  turret,  broken  in  two.  ^  /M  ct  $  i  -  - 

Tabw  X.  fig.  X.  A  Termet  belliooToi^  p.  i4i«  mimb.  i.  and  p.  165. 

Fift2.  A  RING.    N.B.  A  king  never  alters  hi^  fbriB,|fiw  lw  kllei  ^|US  WlBg^ 

neither  doct  he  apparently  iaGre|&  IJ 
Fig.  3.  A  qUEEK,  p.  170. 
Fig.  4.  The  head  of  «  perfeft  ijilefilj 


Fig.  5.  A  face,  with  fteiniiiat>inigntfiM^j^ii^|Jp&  f.  .  ^  ^.'^ 
Fig,  6.  A  la^onr^r,  p.  163,  ■  -^l.fjT  ^^H^ !  -  ■iC>-£'. 

Fig.  7,  AlabourcrmagnihcdL       r..  •.{H^mfimn&l^vtik  -1 
Fig.  8.  ' A  Ibldier,  p.  164. 

Fig.  9.  A  foldi  r*s  forcepa  and  part  of  his  head  nu^iiied,  p. 
Fig.  10,  The  Termcs  mordax,  p.  141.  numb.  2»  and  p.  161. 
Fig.  1 1.  The  face  with  the  ftenunata  im^ni&edj  |k.  141,  numb*  a* 
Fig.  12.  A  labourer. 
Fig.  13.  A  foldicr. 

Fig.  14.  The  Tcrmes  3^rox,  p.  T4T.  nvimh.  3,  and  p.  160. 
Fig.  15.  The  face  and  ilcmmau  magoihcd,  p*  141.  numb.  ^ 
Fig.  16.  A  labourer. 
Fig.  1 7.  A  Ibldier. 
Fig.  18.  Idem, 

Fig,  19.  The  Tcrmes  dellfuftor,  p.  14.1.  numb.  4.. 

Fig.  20.  The  face  and  (lemmata  magnihed,  p.  141.  numb.  4^ 

Fig.  21.  The  Termet  arboruro,  p.  .141,  numb.  5,  and  p.  162, 

Fig.  32.  The  face  and  ficmiiiata  magaificd,  p.  141..  numb.  5* 

Fig.  23.  A  labourer* 

Fig.  24.  A  fu.dier. 

Fig,  25,  A  c^iJEEi^,  p.  172. 

N«  B.  In  the  figures  5. 1 1.  15.  aa  and  au  the  two  white  ipott  between 
the  cdgcaare  the  Aeninata. 
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Xn.  jf/f  Account  of  feveral  Earthquakes  felt  in  Wales.  By 
Thomas  Pennant,  Efq*  F,  in  a  Letter  to  &r  Jofepb 

Baaks,  F.  R.  S. 


Read  January  1781. 
♦ 

nsAR  SIS,  '  Ommgt 

Dec  f  A,  tyic* 

IT  is  veiy  fingular,  that  in  three  days  after  my  return  homo 
I  fhouid  be  reminded  of  my  promife  by  a  repetition  of  the 

very  phenomenon  on  which  I  had  engaged  to  write  to  you : 
for  on  Saturday  laft,  between  four  and  five  in  the  evening,  we 
were  alarmed  with  two  ihocks  of  an  earthquake ;  a  flight  one* 
immediately  ii^owed  by  another  veiy  violent.  It  feetned  to 
come  firom  the  north*eai^9  and  was  preceded  by  the  u(tial  noiie  ; 
at  prefent  I  cannot  trace  it  farther  than  Holywell. 

The  earthquake  preceding  this  was  on  the  zpth  of  Au« 
guft  lafl,  about  a  quarter  before  nine  iu  the  morning.  I 
Was  fbre^warned  of  it  by  a  rumbling  noife  not  uulike  the 
coming  of  a  great  waggon  into  my  court<-yard.  Two  ihocks 
immediately  followed,  which  were  ftrong  enough  to  terrify  us. 
They  came  from  the  north-weft ;  were  felt  in  Anglefea,  at  Caer- 
narvon, Llanrwfc,  in  the  ifle  of  Clwyd  louth  of  Denbigh,  at 
this  houfe,  and  in  Holywell;  but  1  could  not  dikover  that 
Iheir  force  extended  any  farther. 

The  next  iu  this  retrograde  way  of  enumerating  theie  phe- 
nomena was  on  the  8th' of  S<*ptember  ly^St  ^bout  a  quarter 

Vol,  LXXI.  C  c  before 


194  pennant's  kccouni  of  feveral  Earthquakes, 

before  ten  at  night,  the  noife  was  fuch  as  preceded  the  former; 
and  the  (hock  fo  violent  as  to  (hake  the  bottles  and  glafTes  on 
thp  table  round  which  myfelf  and  fome  company  yvera  fitting, 
"i^iris  fccme'd  to  cpi-qe  from  the  eaft.  I  fee  in  the  Gentleman's 
Mhgp.jrine  of  tlintyear,  that  tliis  (bock  extended  to  Shropfliire, 
and  quite  to  B.ith,  niid  to  Swanfca  in  South  Wales. 

The  earlieft  earthquake  I  remember  here  was  on  the  loth  of 
April  1 750.  It  has  the  honour  of  being  recorded  in  the  Philo- 
fophical  Tranf*i£lioh^,^  thereforb  1  (ball  not  trouble  you  with 
the  repetition  of  what  I  have  faid. 

Permit  <ne  to  obferve,  that  1  live  near  a  mineral  country,  in 
a  fituation  between  lead  mi.  "s  and  coal  mines;  in  a  fort  of 
neutral  tra^,  about  li  mile  diflant  from  the  firft,  and  half  a 
mile  from  the- larf..  On  the  iftrif^cft  inquiry  I  cannot  difcbver 
that  the  miners  or  colliers  were  ever  fenfiblc  of  the  (hocks 
uiulcr  ground  :  nor  have  they  ever  perceived,  when  the  (hocks 
in  qu. ftfon  have  happened,  any  fills  of  the  loofe  and  (battery 
ftrita","  iii'..  which  ,the  laft  efpecially  work;  yet,  at  the  fame 
time,  tTie  eartliquakcs  have  had  violence  fufficient  to  terrify 
the  inhabitants  of  the  lurface.  Neither  were  thefe  local;  fbr, 
excepting  the  firft,  all  may  be  traced  to  very  remote  parts.  The 
wcnrht  r  was  remaikably  (lill  at  the  time  of  every  earthquake 
I  have  felt. 

•  * 

•    I  remain,  with  true  regard,  &c^ 


I 
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XiD.  ExtraB  of  a  Letter  frwn  the  RigH  Honeurahk  Pbilip| 
Earl  Stanhope,  F,  B»  S/ to  JMr^  James  Cfow,  ^v^^cjfar^^ 
Fbilofophy  in  the  UnivcrjUy  of  Qlai^ow.    Dated  Chcveuiiig, 
.Febiuarjr  16,.  1777..  /  ,   ■  '  .  ; 


Read  June  iO|  lySo. 

I HAVE  lately  made  fbme  curious  obfervations  conceming 
the  roots  of  adfeded  equations,  part  of  whicii  have  oc- 
CQired  to  Mei&eurs  daniel  Bernoulli,  buler,  ds  la 
GIANOE,  LAMBERT,  and  Others;  but  fome  of  them,  I  be- 
lieve, arc  quite  new.  1  will  give  you  one  inftance  of  a  q^ua- 
dratic  equation,  ns  the  iimplcfl:. 

Let  the  quadratic  ei^uation  i  iJfA;  -  15^  +  5  =  o,  be  propofed. 
I  iajr  then,  that  if  two  recurring  fenes  be  formed  from  the 

fraflioas  -iii^,  which  have  a  common  denomi- 

nator»  and  each  ieries  of  co-efficients,  continued  both  ways 
(that  is,  as  well  before,  as  after  the  firft  term)  the  fra^ons 

formed  by  dividing  each  tcnii  of  the  firft  feries  by  the  cor- 

refpouding  term  of  the  Iccond  feries,  viz, 
,    »ii    4-7    -4    +j    -I    — z    It?     4     7    I'    '8   29  - 
-14    +9    -5+4-1-4    3*       5     7     «2    '9    3»  SO 

will  converge  in  the  fimpkll  manner  pollible;  tholb  before  the  bar, 
in  a  retrograde  order  to  the  greater  root  5  and  thofc  after 

thcbar,in  a  direa  order  to  the  fmalleft  rootii::^ ;  where  it  is  to 

C  c  z      .  be 


1^6  STAmKritt  M  at^e&ed  Equations. 

be«bferved,  that  tb^  greater  root  is  affirmative^  notwlthdand- 
ing  the  fign  -  bdng  piefized  to  fome  of  the  temsy  becauie 
in  each  firadlion  like  nnineiator  and  the  denominator  aieafidsd 
hf  the  ftmc  fign,  whether  +  or  -  .• 

The  chief  improveraent  I  have  made  confifts  in  approxi- 
mating to  two  roots  at  once,  by  one  and  the  (anie  kries,  con- 
tinjoed  b^d^wacds  as  well  aa,  £}iwards.  I  have  not  tkne  to  cd- 
laige  vpon  thb  fubjeft  at  prefent  i  but  the  little  I  have  iaU 
will  he  a  fpecUam  of  the  method  tot  ha  uied  ia  higher 
equations* 
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XPT.  Extras  of  Two  AUOorologksi  JomtmIs    the  tf^eather  o$^ 
Jtrved  at  Nain  in  570  North  LatiHide^  and  at  Okak  in  ao< 
Nortb  Latitude^  both  on  thk.  Caafi  of  LahiaidoK.  Commum^' 


Read  Match  S»  17^;. 


TREltMOMETEll  AT  OKAK. 


Higheft. 

Mem. 

^uguft 

,  37>o 

Scptembtr 

74tO 

3a,o 

45iO 

□aobcr 

V^Z 

Noveinber 

iS»o 

27»3 

>eoeiii!>er 

ia,o 

l/sinuary 

13.0 

»5.3 

February 

'3.» 

March 

45*o 

■4.0 

to»o 

April 

9>o 

550 

a3:0 

39.0 

68,0 

33^0 

43'6 

84,0 

38.0 

Tlier- 
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Thermometer  at  Nain. 


1778 


Highcft 


September 

Oflober 

N^ovcmbcr 

December 

1779  - 
January 

February 

March 

April 

May 

June 

July 

Auguft 

September 

Oaober 

November 

December 
1780 
January 

February 

March 

April 

May 

jane 

July 

Au^uil 


68,0 
60,0 
■37,0 
28,0 

13,0 


Loweft 


3S>o 

"7,0 

30>o 
29,0 

20,0 
5,0 
22,0 

35,0' 

»j3,o 
16,0 
23.0. 

39.0 

37  o 


Mean. 


45.3 
35>i 
25,4 
»>9 

^3 

.13'2 

27»7 
34>9 

42,2 

48,2 
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0 

46>5 

44,5 

29'7S 

NW 

2 

Fair. 

»S 

7 

0 

43.  S 

43»S 

29^75 

WSW 

I 

Cloikly. 

16 

2 

0 

51.5 

46,0 

29^74 

VV  by  N 

I 

Cloudy, 

7 

0 

47,0 

45>o 

29,62 

0,035 

NW 

2 

Fine. 

2 

0 

55'0 

49.0 

29,67 

WNW 

«■ 

Fine. 
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18 


'9 


20 


21 


22 


as 
16 

a? 

2S 


H.M. 


89 


1 

2 

7 

2 

7 

2 

7 

2 

7 
2 

7 

2 

^31  7 

2 

7 
2 

7 

7 
2 

7 

It 

7 
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7 
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2 


o 

o 
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o 
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o 
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o 

o 

o 

o 

o 
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o 

o 

o 
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o 

o 
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o 
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o 

o 

o 


Therm 


without  within. 


43iO 

49>o 

41,5 
485 

42,0 
52,0 

47>S 

47.0 
58,0 

47»S 
56-5 
46,5 

54<o 

45.0 

58,0 

Co, 5 
53*2 

6i,o 


Therm 


4^5 
50.0 

46,5 

47.5 
44,0 
48,0 

44,5 
48,0 

48  o 

50,0 

53  5 
50,0 

54.0 
51.0 

53.5 
50.5 
S4.0 
49,0 
53»5 
50,5 
54»o 

56,0 

58,0 
65^0 


I 


arom. 


Indies. 


29.38 

29.37 
29.50 
29,46 
29,72 

29,76 

29.94 
30,ci 
29,91 

2  9.  ^'3 
29,70 

29»7» 
29.52 

29.47 
29,46 

29.43 
29.5» 
29,46 
29,46 

•29,74 
29.50 
29'44 

29.85 
29, C6 
29,66 
29.71 

g»73 


Rain. 


0,080 

0,056 
0,050 

0,030 

0,109 
0,031 
0,047 

o>o53 
o>39» 

0,183 
0,066 


Winds. 


Points.  IStr, 


WNW 
WNW 

SW 
WSW 
N  byE 
NbyE 
NW 
NW 
SSE 
SSVV 
SW 
SW 
S  by  W 
SSW 
WSW 
SSE 
SbyE 
SSW 
NW 
NW 
SSW 
SSW 
SW 
SW 
SW 
SW 
SSW 
Sby  W 


:> 

2 

2 

2 

2 

1 

1 

I 

2 

I 

I 

I 

2 

2 

2 

I 

I 

2 

2 

I 

I 

I 

I 

I 

I 

I 


Wcatber* 


Fine. 

Fine. 

Cloudy. 

Showery, 

Fine, 

Fair, 

Fine. 

Fair, 

iair. 

Showery,. 
Cloudy, 
Fine. 
Fine. 
Showery. 
Fine, 
Showery,. 
Kmc. 
Fine. 
Fine. 
FiriP. 
Rainy. 
Rainy. 
Cloudy, 
Rainy.. 
Cloudyv 
Fine. 
Cloody, 
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1  line. 

Therm, 
without 

rherm. 
within. 

BAFom. 

Kain. 

Winds. 

Weather. 

H.M. 

Inches. 

Inch. 

Points 

Str. 

May  I 

7 

58,0 

29,76 

0,067 

SbW 

T 
A 

Cloudy. 

2 

0 

65,0 

62,0 

29.79 

sw 

1 

1 

Fine. 

2 

7 

56  0 

29.85 

0,243 

N  bv  W 

I 

Cloudy. 

2 

0 

S9»5 

■59.0 

3004 

N  W 

f 

Fine. 

3 

7 

45  5 

5«.o 

30,26 

E  bv  S 

Cloudy, 

2 

57»o 

55,0 

30,26 

1 

Fine. 

4 

•* 

7 

u 

48,0 

52  5 

30,18 

wsw 

f 

Cloudy. 

2 

0 

64,0 

56,5 

30  16 

f 

Fine. 

5 

7 

0 

53>o 

55,0 

29,92 

SW 

1 
A 

Cloudv. 

2 

u 

59»S 

580 

29,88 

sw 

1 

Cloudy. 

6 

7 

0 

52,5 

55,0 

29,88 

wsw 

A 

Fine, 

60,0 

58,5 

29,90 

W  hv  N 

•  "    Uy  1  ^ 

Cloudv. 

7 

7 

(J 

53.0 

55,0 

29.94 

W  by  S 

I 

Cloudy. 

2 

0 

63,5 

59>5 

29,94 

SW 

t 
1 

Fair. 

8 

7 

0 

52>o 

57.0 

29  72 

0,032 

SW 

t 
J 

Rainy. 

2 

0 

55>o 

57»5 

29.58 

S  bv  W 

>y 

z 

Rainy. 

9 

7 

0 

540 

55,0 

29,67 

0,091 

SW 

1 

Fine. 

2 

0 

57,0 

58^5 

29,64 

SW 

2 

Rainy. 

10 

7 

0 

53.0 

54.5 

29.38 

0,200 

SW 

2 

Fine. 

2 

0 

59,0 

5<',5 

29  51 

SW 

2 

Vyiouay, 

1 1 

7 

0 

530 

57.5 

29  72 

SW 

2 

Kinc. 

2 

0 

58,0 

59,0 

29  88 

SW 

2 

Rainy. 

12 

7 

0 

50,0 

57,0 

29,98 

ssw 

FiiiC. 

2 

0 

64,0 

60,0 

29,98 

SW 

Fine, 

7 

c 

53,0 

55»o 

29»75 

0,104 

SW 

r'air. 

2 

c 

63,0 

60,5 

29  73 

SW 

Fine. 

7 

0 

5',5 

57.0 

29,78 

W  by  S 

Fine. 

1 

2 

0 

57,0 

58^5 

29,71 

0,015 

SiW 

Fine. 

>5 

7 

0 

50,0 

55>o 

29,82 

NW 

Fine. 

2 

0 

33»o 

68  5 

29,94 

NW 

Fine. 

7 

0 

54,5 

56,5 

30,12 

NW 

Fine. 

2 

0 

66,0 

61,0 

30,18 

SW 

Fine. 

2 
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58»S 
68,0 

54,5 
67,0 

57,5 
66,0 

46,5 
61,0 

57,0 
67,0 

56,0 
65,0 

55.5 

63.0 

53.0 

63. S 

57>o 
66,5 

58,0 
70,0 

60,51 

7^5 
6S,o 

7i5,5 
68,0 

84,5 
65.0 

7^5 
56,0 

6u  J 


61,0 

63,5 
60,0 

62,5 
61,  s 
62,0 
61,0 
58,5 

53»S 
61,0 

58,0 

61,0 

58,5 

65,0 

5«.5 
60,5 

59»5 
6i,S 
61,5 

6s>o 
64,0 

70,0 

66,5 

72*5 
71,0 

74>S 

67,0 
71,0 

59,0 

;i6,o 


Barom 


Inches. 


30,14 
SO,  IS 

30, 1 7 

.^9,92 
29,90 

30.25 
30,26 

29,49 
30,0  i 
29,61 
29,60 
29,67 
29,72 
29,73 

30,21 
30,12 
30»H 
3o»H 
30,28 
30,22 

30,17 
30,18 

30,06 

30,00 
29,98 
30,01 
30,06 

30,  H 
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0,011 


0,018 


0,024 


Winds. 
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SW 
NW 

NW 

SW 

SW 

NW 

NW 

SE 

SW 

ssw 

SW 

SW 

SW 

NW 

SE 

SW 

SW 

SW 

SW 

SW 

SW 

ssw 

SW 

SE 

ssw 

SvV 
NW 
NE 
NE 


Weather. 


Fair. 
Fine. 
Fine, 
Fine. 
Cloudy, 
Fair. 
Fair. 
Fine. 
Fair, 
Fine. 
Rainy. 
Fair. 
Cloudy, 
Fine. 
Fair, 
Fair, 
Cloudy. 
Fine. 
Rai^y. 
Fine. 
Fine. 
Fine, 
Fine. 
Fine, 
'^ine, 
"inc. 
air, 
•'inc. 
f'air* 
Fine. 
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10 

12 
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2 
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2 
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2 
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7 

2 
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2 

7 
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Therm 
without 


60,0 

70,5 
66,5 

85.0 

65iO 
71,0 

59>o 
64,0 

48,5 

55.5 
49,0 

61,0 

52,0 

60,0 

48,0 

59>o 
60,0 

62,5 

6i,o 

66,0 

62,0 

70,0 

59.0 
65,0 

72,0 

55,5 
66,0 

55»5 
63,0 
56,0 

63>Q 


Therm 

within. 


61,0 

65,0 
67,0 

73.5 
68,0 

72,0 

66,0 

66,0 

57»o 
59.0 
55>o 
58,0 

53>o 
58,0 

57.0 

5^>.5 
60,0 

59'0 
63*0 
62,5 
65,0 

65,0 
6:,o 

69.5 
61,5 
64,0 
00,5 
64,0 

59'^ 
6/,o 


Burooi. 


Inches. 


30»05 
29,98 

29.93 

29.93 
29,88 

29.95 
30.07 
30.07 

i9.99 

29.99 
29,99 

29.99 
30,01 
30,02 
29,99 
30,09 
29.94 
29,94 
29,80 

29.83 
29.94 
29,90 

30,04 

30,09. 

30,03 

-9.98 
29,81 

29.83 

29.85 
29,92 
30,01 

.So,04 


Rain. 


Inch. 


0,023 
0,010 


0,018 


0,017 
0,020 


Winds. 


Points.  Str. 


£  by  N 
SW 

sw 

NK 
NE 
NE 
NE 
NE 
NW 
NE 
NE 
NE 
NE 
NW 
NW 
NW 
NW 
SW 
SW 
NW 
W  by  N 
tNE 
NE 
SW 
SW 
SW 

SW 
NW 
NW 
VVSW 

SW 


I 

2 
I 
I 
I 
I 
I 
1 
I 
2 
2 
2 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
2 
2 
I 
2 
I 
I 


Weather. 


Fine. 

Fine. 

Fine. 

Fine. 

Cloudy, 

Fine. 

Fine. 

Fair. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Fair. 

Fair. 

Fine, 

Fine. 

Fine. 

Cloudy. 

Fine, 

Fair. 

Fine, 

Fine. 

Cloudy. 

Cloudy. 

Fine, 

Fine. 

Fme. 

Fine. 

Fine. 

Cloudy. 

Fair. 

Fair. 
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29 
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2 
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2 
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2 
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2 

7 

2 
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2 
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2 
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2 
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2 
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2 
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2 
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2 
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2 
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Thfr:n 
without 


58,5 
67,0 

56.5 

60,0 

72,0 

60,0 

66,0 

57'S 
68,0 

S8,S 
61,0 

70,0 
60,0 

67,5 
58>o 
67,0 

S7.5 
66,0 

56,0 
6g,o 
62,0 

74)0 
66,0 

78,0 

67.0 

84,5 


rhcrtn. 
within 


O.J  .Ai..  Inches. 


60,5 
63,0 

58,5 
64,0. 

62,5 
67,0 
61,0 
69,0 
62,0 

^4.5 
62,5 

64,0 

61,0 

66,0 

66,5 
65,0 
65,0 
62,0 

65,0 
62,0 

64.5 
64,0 

68,0 

67>S 
70,0 

66,0 

76,0 


Barom. 


29.91 

29,<)I 

29,81 
29,81 

29.79 

29.79 

20.95 

29'99 
30,07 

;o  I  r 
{0,07 

30.04 
30,18 

30,10 
30,07 
30,08 
30,12 
30,24 
30.3 » 
30.37 
30.37 

30.32 
30,28 

30,25 
30,19 
29.99 
29,94 
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64,5 

73>o 

63,0 
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6i,S 
69,0 

60,0 

70,5 
61,0 

69,0 
6i,S 
71,0 

58,5 
65,0 

60,5 

68,5 
61,0 
68,0 

57,0 
67,0 

54»o 

70.5 
61,0 

74»o 
60,0 

68,0 

6d,o 

70,5 
60  5 
72,0 
66,0 

79»S 


Therm, 
within. 


70,0 

72.5 
68  o 

72.0 
68,5 
70,0 
66,5 
68.5 
tj  o 
66  o 
64,0 
69,0 
61,0 

64»S 
62  5 

65*5 
62,0 

66,0 

64,0 

66,5 

62,0 

68,5 
65,0 

70,0 

6S>5 
68,0 

62,5 

t8,5 
66,5 

69>S 
72.0 


B«rom. 


Inchc-. 


29  96 

2995 

29  89 

2999 

29>99 
30,05 

30.02 

30  05 
30,18 
30  09 
30  09 
30,08 
30,06 

30.04 
29  97 

29>99 
30,06 

30.08 

30'4 
30.19 

30. '4 
29  97 

29.94 
29  98 

30>07 
30,16 

30,19 

30,00 

29,92 

29>99 
^9  93 


Inch. 


o>H3 


0,017 


Winds, 


0,116 


Points.  Str 


SW 

S  by  E 
SW 
SW 
SW 
SW 
SW 
NW 
SW 
SW 
NW 
NW 
NW 
NW 

Wby  N 
NW 
NE 

WNW 
NE 
NNE 

N  by  E 
NW 

wsw 

NNW 
NNW 
NW 
NW 
NW 
WSW 
NW 
NW 
NW 


Weather. 


Fair. 

Fair. 

Rainy. 

Fine. 

Fine. 

Cloudy. 

Fair. 

Fine. 

Fine, 

Fine. 

Fine, 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fair. 

Fine. 

Fine. 

Fine. 

Fair. 

Fine. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Fine. 

Fine. 

Cloudy, 

Fine, 

Fine, 

Fine. 
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SE 

Fine. 

a 

0 
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0 
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sw 

, 
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2 

0 

72,0 
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sw 
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»9 

7 

0 

62,0 
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2 

0 

68,5 
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sw 
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7 

0 

58.5 

67,0 

wsw 

, 
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2 

0 

69,5 

30,09 

wsw 
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21 

7 

0 

60,0 

67,0 
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sw 

Rainy. 
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0 
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7 

0 
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Rainy. 
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Kainy, 
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7 

0 
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NE 

, 
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0 
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^l>o 

30.01 

NE 

Fair.  ' 
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7 

0 

58,S 
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30,18 

SW 

I 
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3 

0 
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69*5 
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sw 

I 
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«  S5 

7 

0 

65,0 

69*5 

30,16 
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NNE 
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0 

80,0 

72.0 

30  19 

NNE 
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26 

7 

0 

62,5 

63^5 

30,24 

NW 

Cloudy, 

2 

0 

78,0 

7S>o 

SW 
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7 

0 

64,0 

7 -'5 

30,14 

NW 

Fair. 

2 

0 

71,0 

7 1,0 

30,21 

NW 

Fiue, 

.  a8 

7 

0 

59»o 

bo,o 
68,5 

ssw 

Fine, 

2 

0 

30.34 

sw 

Fine* 

.  iq 

7 

0 

60,0 

66,0 

30,35 

NE 

Fine, 

2 

0 

'71,0 

68,0 

30>»9 

E  by  S 

Fine, 

IMP 

7 

0 

61, s 

63,0 

30, » I 

NE 

Cloudy. 

2 

0 

,75.0 
1^,5 

70,0 

3^»ii 

ESG 

I  inc. 

3> 

7 

0 

66,5 
68,5 

3^»i9 
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2 

0 

70>S 

3^19 

N£ 
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78,0 

61,5 
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76»S 
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78.S 

62,0 

80,0 

59^5 
77iO 

82,0 
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62  5 
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60jO 
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68,0 
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65,0 
74,0 
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36,0 

30,40 

30,0 

34,5 

30,08 

2  0 
8  0 

32,0 

39,0 

29.99 

28,0 

33>o 

29.69 

2  0 
8  0 

29,0 

34,5 

29,69 

33P 

34,0 

29,^^*5 

a  0 

8  0 

3^»5 

35>o 

29,89 

24,0 

32.0 

30-0^ 

2  0 
8  0 

32,5 

34,0 

30,06 

34>o 

34,5 

30,15 

2  0 

37.0 

35,5 

30,^5 

8  0 

37,0 

37,5 

30,21 

2  0 

8  n 

38,5 

37,5 

30,23 

32,5 

34»5 

30,26 

2  0 

36,5 

30,26 

8  0 

29»S 

32,5 

30,26 

a  0 

8  0 

32,0 

34,5 

30,29 

32,5 

33,5 

30,35  0 

2  0 
8  0 

37,0 

3^5 

30,34 

40,5 

37.0 

30,13  0 

2  0 
8  0 

45'0 

39,0 

30,03 

41,0 

30,01 

2  0 

50.0 

44,0 

30,07 
30,06 

8  0) 

43>5 

44,0  . 

2  oj 

5-,o  1 

JO,o7 

Raio. 


Inch. 


Wiadt. 


1,100 


0,2iO 


Points.  Str. 


SW 
NW 
NE 
ENE 
ENE 
NE 
NE 
NE 
S  by  E 
Sby  E 
WSW 
NW 

ssw 

NW 
NNE 

N  I)y  E 
NNE 
NNE 
ENE 
N  by  E 
NE 
NE 
SSW 
SW 

svv 

WSW 

WSW 

SW 

ssw 
y^sw 


Weither* 


e  inc. 
Foggy, 
Fine, 

Fine, 

Fine. 

Foggy. 

Foggy. 

^oggy. 

Foggy.. 

r  ine. 

I  inc. 
Ko^y. 
Fair. 
Fair, 
'r. 
b  air. 
Fair. 
Frofty. 
Frofly. 
Foggy. 
Cloudy. 
Cloudy. 
Fair. 
Cloudy. 
Cloudy. 
Cloudy. 
Fair. 
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rhcrmomctcr  without. 

Thcrmoajetcr  within. 

1 780 

Grcatcl'  1 

Leatk 

il  i4;h:. 

Mean 
1  Ic  gill. 

Height, 

l>aft 

Mean 
tieig)>c* 

Citcatefi  1 
Heighi. 

t  1         1  ^  1 

Mean 

[ocl;«. 

{an. 

«o,o 

3''9 

40^5 

24»S 

3"»35 

a»  59 

1^ 

.'■cb. 

530 

20,0 

49,0 

30,5a 

1 0*8^8 

\^?.r. 

59>Q 

34>S 

5'.4 

/ 

5*^.5 

49*9 

30,45 

a9«3o 

>           '  A 

•\pr. 

46,7 

65,0 

38.0 

48,0 

20j0  1 

29,65 

2,739 

Mr.y 

«4o 

45 .0 

S9>7 

74»5 

60,4 

30,20 

29,30 

1^ 

June 

84>5 

48,0 

62,9 

76,0 

63,2 

3^>37 

^9»79 

July 

62,0 

54>o 

uo,4 

•78  c 

0 1 ,0 

?0.  '3d. 

20,  CO 

30»OS 

1,602 

Aug. 

69,2 

62,0 

oO)3 

30,20 

29W5 

30.05 

0,48s 

Sept 

34,0 

48,0 

79'0 

30,20 

29,14 

29.83 

2.9<^3 

oa. 

1  66,0 

65,0 

46.0 

53'9 

30*29 

28,66 

29,69 

2,556 

Nov. 

52,0 

41,0 

43»6 

30»47 

!)ec. 

24,0 

38,5 

4^-'»^ 

32,'5 

39,8 

30,55 

29*69 

30,19 

0,310 

.51.7 

52,8 
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VARIATION  NEEDLE. 


"  7  7i. 
A.  M. 

12  h. 

^  ,T . 

4t 

2  h. 

P.M. 

1 0  or  1  ih. 

1  D 
M 

o  / 

"J 

0  / 

22  26 

0  < 
22  21 

0  i 
22  22 

mm  m^ 

0 

22 

6 

22  29 

22  C7 

22 

22 

# 

22  4Q 

22  ^8 

22  20 

22 

8 

22  4C 

22  46 

22 

o 

22  41 

22  A% 

22  48- 

22  4O 

22 

40 

lO 

22  2? 

22  4.8 

22  57 

22  40 

22 

42 

It 

12  AC 

22  40 

23  48 

22  44 

mm 

22 

mm 

Alb 

12 

0/ 

22  4.0 

22  4.6 

22  41 

22 

22  41 

22.  C4 

22  4C 

22  2C 

22 

I  J. 

• 

22  2() 

22  CC 

22  CO 

22 

46 

1 

22  25 

22  40 

22  49 

22  47 

22 

40 

i6 

22  45 

22  48 

22  47 

2  2  49 

22 

47 

17 

22  27 

22  32 

22  45 

22  55 

22 

i8 

22  39' 

22  41 

22  48 

22 

Meant 

i  22  32 

22  43  1 

22  47  1 

22  42  1 

Mean  of  all  22°  41'. 

. 
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■ 

_  I. 
7  n. 

A.M. 

12  n* 
M. 

3  II* 

P.M. 

10  or  I  ID. 
P.M. 

Meaosi 

June  5 

o  / 
72  0 

7a  i 

72  5 
72  5 

•  # 

72  0 

JZ  10 

0  / 
72  0 

^0     I A 
*^ 

72  3 

Weftnuuk 
down* 

7 

7a  0 

72  0 

72  10 

72  0 

8 

7»  0 

72  0 

72  5 

72  10 

I  i. 

9 

AW 

72  ao 

72  20 

72  20 

72  30 

72  20 

T't      t  A 

/a  *w 

72  21 

I 

II 

7s  20 

72  30 

72  25 

72 10 

•i 

1 

12 

72  ^0 

72  30 

72  3° 

72  0 

»4 

7»  5 

72  10 

72  15 

72  15 

72  10 

72  20 

72  10 

72  10 

7a  «3 

'  —  -  ■ '  • 
Eaftmairit'* 

upperiooft,^ 

72  so 

72  15 

72  20 

72  20 

i6 

72  45 

72  40 

72  40 

72  20 

1 
1 

rf- — i  . 

I? 

72  40 

72  30 

72  25 

72  30 

72  32 

l8 

72  40 

72  20 

72  30 

72  20 
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ELOCUTION  AND  POLITE  LITERATURE. 


M R.  HENRY  SMEATHMAN)  who  was  maiiyy^n 
a  pupil  of  the  late  Mr.  Rice,  and  before  he  went  on  his 

travels,  pradUfed  with  fucccfs  that  Author's  mgcaious  method 
ct  teaching  to  read,  fpeak  and  write,  with  eafe,  energy  and 
jjropriety  ;  begs  leave  to  offer  his  fervices  to  the  public  in  the 
lame  mode  of  ufeiiil  and  polite  inibudioii* 

Gentlemen  intending  themielves  £ot  the  Church,  the  Bar  or 
the  Senate,  will  by  oral  and  familiar  oonverfation,  in  a  few 

months,  receive  more  improvement,  than  by  a  folitary  Ciudy 
of  many  years,  in  an  art  not  taught  in  our  Schools  or  Uiuv  er- 
fities,  yet  abfolutely  ncceffary  to  thofe  who  wiili  to  excel  in 
piiblic  or  pdlite  Hfe,  or  afpire  to  entinence  in  eloquence  and 
litefatiure. 

By  this  art,  a  liberal  education  is  improved  and  accom- 
plifhed,  claflical  learning  advantaf^eouny  difphyed,  and  the  want 
cf  a  proficiency  in  the  dead  and  other  languages  lupj  lied,  as  by 
Air*  Sm/eathnian*a  method,  founded  on  that  of  Mr.  Ricb,  the. 
pupils  may  acquire  a  .critical  knowledge  of  the  idiom  and  ele-' 
jance  of  their  own  without  them. 

A   -  Thi$ 


C  *  f 


This  tecommends  it  peculiarly  to  the  attention  of  all  thole 

who  wUh  to  have  the  pleafure  of  rea<ling  the  Englilh  claiilc 
authors  with  grace  and  propriety,  or  to  write  and  fpcak  cor- 
rectly ;  of  thofe  Gentlemen,  who  are  hitcnded  for  the  Navy, 
the  Ariny,  the  Public-oifice.  cur  the  Countujg-houfe  ;  or  whqf$. 
juvenile  ftudies  may  have  been  obUteratec^by  an  early  hitto-' 
dudlion  into  thofe  finiations ;  and  of  all  thole  who  may  haw 
been  deprived  of  the  advantages  of  a  liberal  education. 

They  are  effectually  cured  of  any  defeats  in  prununciation, 
which  do  not  arife  from  aji  imperfection,  in  the  organs  of 
fpeech ;  and  inflead  of  provincial,  difagreeabie  or  abfurd 
habits,  they  acquire  aa  enerjgetlc».  a  periuailve  and'a  gracdul 
*  manner 'of  f{)eaking,  reading  and  reciting.  Above  all',  tbe 
younger  pupils  receive  this  fingular  and  important  advantage, 
that  their  muids  are  opened  more  early,  their  reafon  is  afliAcd 
in  its  exertions,  and  directed  to  fuch  objects  as  naturally  pto^. 
mote  the  perfedioni  and  the  happaneis  of  human  beings* 

This  method  is  equally  well  adapted  to  both  iexes»  thoiead-. 

vanced  in  life  may  receive  iuftrudion  priviiteiy,  as  ufual,  and 
Ladies  will  be  attended  at  their  own  houfes. 

Application  may  be  made  to  Mr.  Smeathman,  at  his  Cham- 
bers, No  1 4.  CiementVIun,  Of  whom.  In  a  few  days,  may 
be  had  a  ihort  Treatiie  on  the  nature  of  eloquence^  and  the 
importance  of.  learning  to  read,  ipeak  and  write  our  own 
language,  independent  of  all  others  ;  with  a  plan  of  his  mode 
of  teaching,  and  the  advantages  to  be  derived  from  VU 

The  following  are  detached  extracts  from  the  above-mea- 
tloued  Treatife. 

I  ♦*  Thofe 
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Tboie  who  have  not  ft'udied  and  been  exercifed  ill  reading, 
ipea^Dg  or  oompofing,  iii  their  own  language^  will  not  do  > 
dther  in  fucfa  a  manner  as  to  claim  or  deierve  attention  t 
and  if  is  the  talent  of  performing  them  vnth  eaie^  energ)r 
and  propriety,  which  we  call  eloquence, 

■     People  arc  ufually  very  folicitous  tu  Lave  tlich  clnldren  in- 

**  ftrufted  in  all  thofe  liberal  arts,  which  are  deemed  i  rquinteto* 
per^e£^  them  as  Gentlemen  and  Scholars  :  and  furely  as  no« 

"  thing  contributes  more  to  this  intention,  they  would  not  omtt- 
oratof7f  if  they  thought  it  was  to  be  learned*  They  liAea 
with  taptuK  to  the  charms  of  elo(|uenoe»  but  are  not  aware  > 
that  it  is  in  their  power  to  procure  this  ineftimable  talent* 

**  for  thofe  who  are  the  obje^s  of  their  inceiSmt  care  and  daily 

*•  anxiety,"—— 

— **  This  can  only  arife  from  the  erroneous  idea  that  oratory  is 
not  to  be  taught  or  acquired.  Yet  no  art  is  more  fimple  in 
its  Principles,  or  clearer  in  its  rules,  and  no  rules  nre  more 

*♦  eaiily  reduced  to  praf^ice,  or  more  certainly  pradifed  with 

«*  fuccefs/'  

It  b  granted  that  people  may  Improve  diemfelves  much 

•*  by  private  declamation.  The  art  of  eloquence,  however, 
•*  is  in  this  rcipt^  like  fencing,  in  which  a  man  can  learn 
**  very  little  by  pufhing  againd  a  wall :  he  may  i'ldeed 
"  (Irengthen  his  mufcles,  and  enable  himfelf  to  bear  cli9 
fatigue,  but  it  is  by  frequent  exertbn  with  a  mafter  only 
**  that  he  can  expeft  to  acquire  ikilL 

#  '  •  * 

A  a  "It 
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«*  It  is  from  the  friendly  obfervations,  the  oral  information, 
the  frequent  contentions  and  the  unreftrained  corredions, 
of  a  (kllful  companion,  that  a  ftudent  in  oratory  can  derive 
eflential  improvement :  writing  alone  can  no  more  commu- 
nicate the  art  than  it  can  fpecch  to  the  dumb. 

"  Thofe  therefore  who  educate  their  children  for  eminent 
Nations  in  life,  w-ith  the  hope  that  they  will  one  day  render' 
themfelves  confpicuous  in  the  Senate,  the  Church  or  the 
courts  of  Law  and  Jufticc,  without  having  them  grounded  in- 
the  fiifi:  principles  of  eloquence,  cxpedt  to  reap  where  they 
have  not  fown  :  they  muft  in  all  probability  be  difappoint- 

Cd."  i-'  .        \ji   J  >V. 

'Ml  i.  z  '}  'ir  /A-mfr#  ?, 
**  There  is  fcarce  a  man  of  a  moderate  age  and  capacity  not 
born  with  fome  invincible  imperfe<5lion  in  the  organs  of 
fpecch,  who  may  not  in  twelve  months  be  enabled  to  cona- 
municate  his  thoughts  with  pleafure  to  his  audience,  and- 
credit  to  himfelf ;  or  fo  to  read  the  Liturgy  as  to  excite 
Devotion  in  the  moft  lukewarm,  and  to  confirm  it  by  a  na- 
tural, perfuafive  and  convincing  manner  of  delivering  the 
great  an'd  eflential  truths  of  Religion ;  and  how  much  this 
is  to  be  wifhcd  is  left  to  the  opinion  of  all  who  have  heard 
the  difgufting  and  unedifying  manner  in  which  the  fined 
compofitions  are  generally  delivered  in  our  public  places  of 
worfhip,  and  feen  the  awkward  figures  fome  of  our  learned 
Senators  make  when  they  attempt  to  fpeak  in  Parliament."— 

>'  We  liavc  hitherto  treated  only  of  the  moft  obvious  advan- 
tages arifing  from  the  fludy  of  eloquence.    On  a  defer 

**  view, 
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**-yiitfwr,;  many  other  .important  benefits  will  be  fonnd  to  ba> 
'*  derived  from  It.  Of  thefc,  opening  the  mind,  improving,, 
♦*  the  heart  and  infufing  a  defire  of  knowledge,  deferve  par- 

ticular  notice.  Suchii&  the^  tendency,  efFc£l  atidj  beiieHt,  »6f 
«» th©  mode  df  inftrudtion  heve  recommended  ;  fort 9^it'applte^> 

dire£Hy  to-the  underftanding  without  burtbculiig  the  rrrc^^ 
**  moiy,  or  perplexing  the  mind,  the  younreft  pupils  rccur-^ 
"  to  it  with  delight;  and  its  uncommon  fucccfs^ .  when  at-*» 
*^  tempted,  has  ariien-  from  the  immediate  convi«Stiofr>  v^hich' 
*«  they  feel,  that  our  path  to  knowledge  is  picafant,  and* 

the  pofleffion  o£  it  highljr  advantageous  and  defirable.*" — • 

.  "  Onr  youth\  are  generaUy  very  defeftive  in  thofc  polite 
Branches  of  Knowledge  without  whicli  cliifhcal  L./aiiingis 

**  of  little  life.    Their  manners  frequently  continue  rough  and. 

"  puerile,  when  they  ought  to- be  graceful  and  manlv,  their. 

««  fpeech  inarticulate  or  floveAly,  diilbnant  oc.defe^ftive^  dil]- 

**  ^reeable^r  and  often  unintelligible ;.  and  very  few,  eve^ 
among  thofe  who  are  good  fcholars,  can  read  or  write  their 

*•  own  language  with  eafe  or  propriety  :  an  accomphfhment 

"  abfolutely  neceflary  to  thofe  who  wifli  to  derive  any  advaii— 
tage  from  extenfive.  knowledge  or  profound  erudition." 

Young  People  are  naturally  emulous  of  the  company  of 
**  peribns  refpe6l;able  either  for  their  Rank  or  Abilities,  and  if 

**  they  pals  tliclr  tune  with  low  or  ignui..rit  })coplc  it  is  fur 
**  want  of  being  properly  introduced  and  accuftomed  to  mix  iii; 
*'*■  the  converfation  of  men  of  poliihed  manners  and  liberal  ac«- 
complilhments'"— — 

— '*  The  mode  of  Inftruilion  here  recommended^  muft  necef- 

•*  fariiy  iu  its  Cuuilc  icaiuvc  thtic  Ucfcds,.  and  die  prejudices- 

**  intailed: 
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**  in  tailed  on  them ;  and  promote  the  tcqtilfition  of  thofe 
*•  ufefull  arts,  on  wliich  the  Succefs  of  life  fo  much  depends,** 

*'  In  the  profecution  of  it  the^r  Curiofity  is  excited  and  di- 
*^  xtQsd  to  proper  objciSls,  and  a  defire  for  general  knowk^ 

the  great  fbxiDdation  of  excellence,  implanted  by  ms^tngtlieiii 
**  acquainted  with  fuch  remarkable  things  in  nature  and  art 

as  are  worthy  of  Attention.  Inftead  of  a  floveuly  or  ungrace- 
*'  full  mode  of  fpeaking,  they  are  taught  to  deHver  their  fcnti- 
**  ments  with  propriety  and  prccilion  according  to  times  and 

circumftances ;  coniequently  their  manner  when  improfier 
**,is  relbrmed  infenfibly,  and  without  appearing  an  objed  of 
**  attoitbn ;  their  Minds  are  cultivated  by  frequent  appeals 
**  to  their  underftanding,  and  their  judgements  regulated  by  i 

the  conftant  habit  of  obfervation  and  reile<f^ion,  exercifed  I 
•*  in  a  Minute  enquiry  into  the  Truth  and  propriety  of  fuch 
**  thoughts,  as  they  are  directed  to  in  the  courie  of  their  ftudy. 
•*  Thus  being  early  qualified  for  the  company  of  well  bred  and 
**  intelligent  people  they  appear  with  becoming  confidence  and 
^*  fatisfadion  on  all  occafions.**. 
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XV.  New  Experiments  ufion  Gm^powder,  whb  eccafanal  Oh" 
favations  and  praBkal  Inferences  i  to  vtbicb  are  added^  an 
Account  of  a  new  Method  of  determhting  the  Velocities  of  all 

Kinds  of  Military  Proje^iles^  arid  the  Dcfcription  cf  a  very 
accurate  Eprouvette for  Gun^powdcr,  Bj  Beujamiu  Thomp- 
fon,  Efq^  F.  R.  S. 

Read  March  2p»  1781* 

THESE  experiments  were  undertaken  principally  with  a 
view  to  determine  the  moft  advantageous  fituation  for  the 
veat  in  fire-arms,  and  to  tneafurethe  velocities  of  bullets,  and  the 
leooil  under  various  ctrcumftances*  I  had  hopes  alio  of  being 
ahletD  fiiidout  thevelocity  of  the  inflammation  of.gua-powider, 
and  to  meafure  its  force  more  accurately  than  had  hitherto  been 
tlone.    They  were  begun  in  the  month  of  J<ily  iij  the  year 

V01..LXXI.  zl  1778, 


1778,  at  Stoneland  Lndgc,  a  country  feat  of  Lord  georgs 
Germain's,  and  I  was  aliifted  by  the  reverend  Mr.  bale, 
Te6:or  of  Withyham,  who  lives  in  the  neighbourhood. 

The  weather  proved  remarkably  favourable  iQt  our  experi- 
ments, being  iettled^and  ferene,  fo  that  the  courfe  of  them  was 
never  interrupted  for  a  whole  day  by  rain  or  by  any  accident 
The  ^mercury  in  the  haroniLtcr  liood  in  general  pretty  high, 
aud  the  teciperatare  of  the  atmofphere  was  very  equal,  and 
•moderately  warm  for  the  feafon.  In  order  that  each  experiment 
n/i^h  t^  as  nearly  as  poiUble^  be  under  iimilar  drcumfiances,  they 
were  all  made  between  the  hours  of  ten  in  the  mornijig  and 
f.ve  in  the  afternoon:  and  after  cacli  liilLiiarge  tlie  piece  was 
wiped  out  with  tow  till  all  the  infide  of  the  bore  was  perfedJy 
clean,  and  as  bright  as  if  it  had  juft  come  out  of  the  hands  of 
the  maker ;  and  great  care  was  taken  to  allow  fuch  a  fpace  of 
time  to  clapfe  between  the  firings,  as  might  render  the  heat  of 
the  pitcc  iicdiiy  the  ijiuc  ui  every  experiment* 

dtfcrlptUn     the  apparatm^ 

The  barrel  pandpal]]:  ufed  m  the&  experiments  was  made 
by  wooDON,  one  of  the  moft  famous  gunfmiths  in  London; 
and  nothing  can  exceed  the  accuracy  with  which  it  is  bored,  or 
the  fincnefs  of  the  pohih  on  the  infide-  It  is  made  of  tlic  very 
beft  iron,  and,  agreeably  to  Mr.  KOBiNs's  advice,  I  took  care 
to  have  it  well  fortified  in  every  part,  that  there  k  ni 
danger  of  its  burning.  Its  weight  and  dimenfions  may  be  fcen 
in  the  table  of  the  weight  and  diiueiuioas  of  the  apparatus, 
p.  242. 

Fig.  I.  Rcpre£;nts  a  longitudinal  i^oa  of  a  part  of  dit 
•  barrel^  with  the  apparatus  firft  made  ufe  of  for  fliifting  the  mt 
from  one  part  of  the  chamber  to  aQO(faeff>  or  rather  for  movii^ 

.  .  ,  .the 
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the  bottom  of  the  chaiiiber  further  from,  or  bringing  it  nearer 
to,  the  vent,  in  order  that  tlie  fire  might  be  communicated  to 
the  jx>wder  in  different  parts  of  the  charge. 

tf,  ^,  reprefent  tl:^  lower  part  of  the  barrel* 

r,  is  the  breech-pin,  which  is  perforated  with  a  hole  four- 
tenths  of  an  loch  in  diameter,  the  axis  of  which  coincides 
with  the  axis  of  the  bore. 

Into  thia  hole  tlic  Icrevv  /j,  7;,  tibout  four  inches  in  length,  is 
-  fitted  to  the  end  of  which,  «,  that  pafl'es  up  nito  the  bore,  is 
fuLGd  a  piilon  0,  which,  by  means  of  collars  of  oiled  leather, 
is  made  to  fit  the  bore  of  the  piece  very  exactly.  The  end  of 
the  pifion  /t,  neareft  the  muzzle,  is  of  brafs^  and  forms  a  move* 
able  bottom  to  the  bore,  which  by  turning  the  icrew  tt^  by 
means  of  the  handle  mt,  is  brought  nearer  to,  or  removed  fur. 
ther  from,  the  fixed  vent  by  which  means  the  powder  is 
liglitcd  at  any  afUgnable  diftance  from  the  bottom  of  the  charge. 

But  the  length  of  tlie  bore  being  altered  by  mo^'ing  the 
pifton,  which  occaiioned  a  Anall  inaccuracy,  and  lome  iucon* 
venionce  attending  the  apparatus,  it  was  laid  aiide^  and  ano^ 
ther  reprefented  by  fig*  a.  was  fubflitiited  in- the  room  of  it. 

tf,  ^,  is  a  fe6ion  of  part  of  the  barrel  Vbefbre,  and  f  Is  the 
lireech-pin,  which  being  perforated  with  a  fmall  hole  through 
its  ce  nt  r  rrc  ives  the  fcrcwyi  which  is  about  two- tenths  of 
an  inch  in  diameter,  and  four  inches  long.  This  fcrew  being 
perforated  with  a  very  loiali  hole,  ferves  to  convey  the  fire  into 
the  chamber  of  the  piece,  and  by  fcrewing  it  further  up  into 
thebore^  or  drawing  it  backwards,  the  fire  is  communicated  to 
^ifierent  parts  of  the  charge. 

But  this  method  bei  n  g  found  to  be  not  intlrely  free  firom  inac* 
curacies  and  iuconveniencies,  a  third  was  fubflitttted  in  the 

a  I  a  room 
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room  of  ity  which  was  found  to  auiwer  much  better  thaneidter 
of  the  preceding. 

The  end  of  the  bore  ivib  now  firmly  cloied  by  a  foHd  breech- 
pin  fig.  3.  and  three  vc^nt  holes  and  0,  were  made  in 
the  barrel ;  011c  of  then:!,  even  widi  the  bottom  of  tlicU)rc, 
and  the  other  two  at  ditterent  diftances  frotn  it.  Any  two  of 
thefe  vent  holes,  as  n  and  0  for  inilance,  being  dofed  up  by 
iblid  ricrews,  a  perforated  fcrew,  or  vent  tube  was  icrewed 
iiito  the  thirds,  which  ierved  to  contain  the  priming,  and  t& 
convey  the  fire  to  the  powder  lodged  in  the  bore  of  the  piece. 

Sometimes  a  longer  vent-tube,  rcprefcnted  by  fig.  4.  wns 
made  ufcof;  which,  pafliiig  througli  the  powder  in  the  cham- 
ber of  the  piece,  communicated  the  fire  immediately  to  that 
part  of  the'chaige  that  lay  in  the  axis  of  the  bore. 

Another  vent- tube  alfb  was  ufed  occafionally,  which  differs- 
in  m-Awy  rclpcifls  from  both  thofc  tliat  Ilivc  been  dcfcribcd.  It 
is  fo  conn:ru»ftcd  as  to  convey  tiie  fire  to  tiie  charge  ;  but,  as  loon" 
as  the  powder  in  the  chamber  of  the  piece  begins  to  kindle, 
and  the  daftic  fluid  to  be  generated,  the  vent  is  firmly  dofed  by 
a  valve,  and  no  part  of  the  generated  fluid  is  permitted  ta 
efcape.  This  I  ihall  c.ill  the  vahe-'vcrit^  ani  \t  is  rcprefenttxl 
by  fig.  5.  upon  nn  enlarged  fcaie,  that  the  parts  of  it  may 
appear  more  diilin<Si:. 

^7,  by  is  a  longitudinal  feftiou  of  a  fmail  portion  of  theiblidr 
lide  of  the  barrel* 

r,  ^,  is  the  vcnt-ttrbe,  which  is  in  all  rcfpeds  like  the  (boit 
vent-tube  cornn-mnly  n^iide  ufe  of,  except  only  that  in  this  the 
end  of  the  vcnt-liole  (')  which  goes  into  the  diamber  is  en- 
larged in  tlie  form  of  tlie  wide  end  of  a  trumpet  or  funtid. 

To  thb  enlarged  aperture  the  valve,  v,  is  accuratdy  f&tt«t 
and  by  means  of  the  fmall  flem  or  tail,  /,  which  is  fixed  to  the 

valve, 


Digitized  by  Google 


upon  Gun-pGwdcr,  Uq»  ijj; 

ralve,  and  which  pafles  up  through  the  vent-hole,  and  is  con* 
iieded  with  the  fpring  the  valve  is  pFei!ed»  or  rather  drawn 
Into  its  place,  and  the  vent  is  clofed*.  The  ftem  of  the  valve 

%vas  at  !  :  it  made  c^•^lIKl^Ic;ll ;  but,  in  order  to  make  \vnv  for 
the  prlailng  to  pafs  down  to  the  valve,  one-half  of  its  iubilance 
was  taken  away,  as  is  rcprellnted  in  the  hgure. 

When  this  vent  is  primed,  the  ipnce  between  the  vent  hole 
and  the  fl^m  of  the  valve  is  filled  with  tine-grained  powder, 
and  the  valve  is  gently  opened  by  prefling  Mpou  the  end  of  the 
item  till  one  or  more  gmins  of  powder  lodge  themfelves  be- 
tween the  valve  and  the  aperture;  which  preventing  tlie  valve 
from  clolin'tT  again,  a  Imall  oj.cning  is  left  for  the  paflage  of  the 
fiame  into  the  chamber  of  the  piece :  therefore,  when  the 
priming  i?  lighted,  the  fne  paHiug  down  the  vent,  andenteiing 
the  chamber,  ii>iiames  the  charge,  nud  the  fmall  grains  of  pow- 
der that  were  lodged  between  the  valve  and  the  aperture  being 
deibdyed  by  the  flame  in  its  pnilage  through  the  vent,  the  valve 
immediately  clofts,  atid  prevents  the  efcape  of  any  part  of  the 
claiHc  fluid  generated  by  the  inflammation  of  the  powder  in  the 
chamber  of  the  piece.  The  preflure  of  this  fluid  upon  the 
valve  aiiifts  the  adion  of  the  Ipring,  l^y  w^hich  means  the  valve 
is  more  expcditioufly  and  more  c  ffe£lunily  clofcd. 

The  valve  was  very  accurately  fitted  to  the  aperture  by  grind- 
ing them  tc^ether  with  powdered  emery,  and  afterwards  po- 
lifhing  them  one  upon  the  other.  And  it  is  very  certain,  that 
no  part  of  the  elaftic  fluid  made  its  eftape  by  this  vent ;  for, 
\]pon  firing  the  piece,  there  was  only  a  iini]ile  flafli  from  the 
cxplofion  of  the  priming,  and  no  ftream  of  tne  was  to  be  fecii 
iHiiing  from  the  vent,  as  is  always  to  be  obierved  when  a  com- 
mon vent  is  made  ufe  of,  and  in  all  othex  cafes  where  this  fluid 
finds  a  paflage* 

6  .In 
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In  order  that  eveiy  part  of  the  apparatus  employed  in  thefe 
experiments  might  be  as  perfe£l  a8  poffible,  all  the  more  ddi* 

cate  parts  of  it  were  executed  by  Mr.  fraser,  mathematical 
iuftrument-miiker  in  Duke's  Court,  St.  Martin's  Lane,  and, 
amoiig  the  refl,  all  the  contrivances  jufk  deicribed  relative  to 
the  vent. 

The  velocities  of  the  bullets  were  determined  by  means  of  a 

pendulum,  according  to  the  method  invented  by  Mr.  kobtks. 

The  pendulum  I  made  uie  of  (tig.  6.)  is  compofed  of  a  cir- 
cular plate  of  hammered  iron  (^),  13  inches  in  diameter,  and 
0,65  of  an  inch  thick,  to  which  is  Ermly  fallened  a  bar  of  iron 
(b,  c)  56,5  inches  in  length,  2,6  inches  broad,  and  half  an 
inch  in  thicknefs,  by  which  it  is  fufpended  by  means  of  two 
pivots  (t/,  «')  at  the  end  of  the  bar  (^r),  and  at  right  angles  to 
its  length.  Thefe  pivots  beuig  very  accurately  finiilied,  and 
moving  on  polhhed  grooves,  which  were  kept  condantly  oiled 
to  leflen  the  fridlion^  the  vibration  of  the  pendulum  was  voy 
free,  as  appeared  by  the  great  length  of  time  its  vibrations  con- 
tiiiucd  after  It  had  been  put  in  morion,  and  was  left  to  itfelfi 
To  the  circular  plate  of  the  pendulum,  targets  of  circular 
pieces  of  wood  of  difierent  thicknefles  were  fixed,  which  in  the 
courfe  of  the  experiments  were  often  ipoiled  and  replaced :  and» 
in  order  to  mark  the  weight  and  dimenfions  of  the  pendulum 
in  each  experiment,  the  pendulums  are  numbered  according  to  the 
different  targets  that  were  made  ufc  of ;  and  the  weight  and 
dimrn(ions  of  each  pendulum  are  fet  down  in  a  table  at  the  eod 
of  the  deicription  of  the  apparatus. 

The  target  of  the  pendulum  N"  i.  was  made  of  a  circular 
piece  of  elm- plank,  3!  inches  thick,  and  equal  in  diameter  to 
the  iron  plate  of  the  pendulum  to  which  it  was  fixed  ;  but  this 
target  being  too  Uiiii  was  very  foon  ruined. 
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The  pendulum      2.  was  fumifhed  with  two  targets,  which 

were  ciriular  pieces  of  very  tough  oak-plank,  near  rive  inches 
tiiick,  placed  on  oppofite  fides  of  the  plate  of  the  pendulum, 
and  firmly  fixed  to  it  by  fcrews,  and  to  each  other  by  Iron 
ibap$*  When  one  of  thefe  targets  was  ruined,  the  pendulum 
was  turned  about,  and  the  orher  was  made  vtfe  of.  Thi^  pen- 
dulum lafted  from  experiment  N'p.  to  experiment  N'*39.  when  it 
was  io  much  fhattercd  as  to  be  rendfered  vnifit  for  further  lervicc- 

The  pendulum  3,  was  like  the  pendulum  2,  ;  only,, 
inftefti  of  oak,  dm^plank  near  ieven  inches  in-  thicknefs  was; 
made  ule  of  fox  the  targets.  This  pendulum  ferved  Srom  ex^- 
penmen t  N*  40.  to  experiment  N*  loi^incluiively.. 

Bat  rinding  that  targets  made  of  planks  of  the  toughefV 
wood  were  very  foon  ihattered  to  pieces  by  the  bullets,  I  coin- 
pofed  the  pendulum  N**  4.  in  a  different  manner.  Iniiead  of 
dxtttlar  pieces  of  plank,  l^lid  cylinders  of  elm-timber  were 
made  tife  of  for  the  targets,  fo  that  the  bullets-  now  entered 
tlie  wood  in  the  dire^lion  of  its  fibres.  Tlicie  cyUuders  are 
13  inches  iu  diameter^  and  about  5^  inches  in  Icngtli^  hooped; 
with  iron  at  both  tlieir  ends  to  prevent  their  flitting,  aiid 
finniy^Aened  to  the  plate  of  the  peodulumi.aiid  to.each  Gfh&^^ 
by  four  iron  ilraps.  This  penduluair.laAed  till  the  ea^perimentst 
were  rinifhed-  It  is ilill  in  being,  and  appears  to  y^ry  lit^ 
the  worfe  for  the  fervice  it  has  undergone. 

Fig.  7.  fhews  the  two  ends  of  the  pendulum,  upon  a  lar^j^ 
bkf  togBtfaer  with  the  hooks  or  grooves;  by.  /^I^ch.  it  .waa» 
^"^cndodr 

tf,  if,  is  the  bar  of  the  pendulum,  which  is  feen  brokea  0^ 

as  there  is  not  room  to  (liew  the  whole  of  its  length. 
^»  iiy  are  the  pivots  by  which  it  was  Mpeuded* 
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IS  the  circular  plate  of  the  pendulum,  to  winch 
'  J\  g,  two  circular  targets,  arc  tatlcucd  by  fcrew^,  and  by 
means  of  the  iron  ftraps,  i,  2,  3,  4,  which  arc  nailed  to  the 
edges  of  the  targets. 

are  the  hooks  which  ferved  inilead  of  grooves  to  receive 
the  pivots,  €y     of  the  pendulum. 

The  hooks  were  firmly  fixed  to  the  horizontal  beam  R.  S. 
which  fupported  the  whole  apparatus  by  means  of  three  fcrews 
HI,  <7,  which  pafled  throu^^h  three  holes  in  the  plate  that 
conne^s  the  two  hooks*  When  the  hooks  were  faflened  to  the 
beam*  the  middle  fcrew,  iv,  was  firfl  put  into  its  place,  and 
the  pendulum  was  allowed  to  fettle  itfelf  in  a  pofition  truly 
perpendicular,  after  which  the  grooves  were  immoveably  fixed 
by  means  of  the  Icrews  /»,  0,  ■  i 

The  chord  of  the  arc,  through  which  the  pendulum  afoeaded 
in  each  experiment,  wasmeafuredby  aribbon,  according  K»  the  | 
method  invented  and  defcribed  by  Mr.  robins.  | 

The  recoil  wa^  mcaiurcd  in  the  folLnving  manner.   The  | 
barrel  was  fufpended  in  an  horizontal  petition  (and  nearly  in  a  | 
Hne  "mth  the  center  of  the  target)  by  two  fmall  pendulous  \ 
fods,  64  inches  in  length,  and  25,6  inches  tifuuder;  vAMi 
being  parallel  to  each  other,  tind  moving  freely  upon  polHhed 
pivots  about  the  axes  of  their  fulpcnliou,  and  upon  two  pairof 
trunnions  that  were  fixed  to  tlie  barrel,  formed,  together  with 
the  barrel,  a  compound  pendulum ;  and  from  the  lengths  x)f 
the  vibrations  of  this  pendulum,  the  velocity  with  which  tfae 
banel  began  to  recoil,  or  rather  its  greatef^  velocity,  was  deter- 
mined. ■ 

But  in  order  that  the  velocity  of  the  recoil  might  not  be  too 
great,  fo  as  to  endanger  the  apparatus  when  large  charges  were 
■  jnade 
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made  uie  of,  it  was  ^tiit^  hece()ary  to  foad      barrel  wit 

additional  weiojht  of  Tntlote  than  40  lbb\  of  iron. 
"'^'liutf  kiddltionai  weight  of  iron,  which  I  lhail  caU  the^ff«  xaf- 
fiage^  as  it  was  fo  conftrufited  as  to  ferve  as  a  carriage  tb  ^th4 
mt<^'^<Avofci''6t  si'U'of^lStak^^''^^  in 
lengtH;  ij6%Aei*te<h*'W^  ttWki  ^  in'th?cbirt«ferWH* 
is  bent  in  the  middle  of  its  length  in  fuch  a  manner,  that  its 
two  flat  "SS^i^  bi:'  ends  are  parallel  to  each  dtKer';''and  diftant 
afunder  two  inches.    In  the  middle  of  this  bar  wherefJtis  bent 

ehd'of  W«y2ecfi:ij^iA?'f(ill^^  «Ad«^Y^^f 

barrel.  The  other  end  of  the  barrel  is  fupporteil  and  axS^iSA 
in  the  fgliowing  manner.  A  ring  or'  hoop  of  ifBftV  tt^'half 
an  incK'ihick,  ^d"  rirb  'mches  in  di-rimcter,  \s  flatiSi  ih  a  •ver- 
tical pofi^ion  between  theVarallel  fides  of  tlie  b9fJ'aii&'¥iaitW» 
two  eniCitid^tiitiiifMtA'^^^^ 

paliing''Arit-gh  tKif%^toft(  of  «iV  r?4  is  Tiip^>drrlEetf  Apbfthe 
ends  of  three  fcreWS,  \<^kh  pafling' /hroiigh  the  '  Aiig  in' dif. 


arenxed  to  tne  ouxiiae  or  cne  carnage.  *ncj  aic  p^^^  ui  au 
hori^frtai'iliie  i»erpeildicui^^ 


of  {he  bore 


tf,  3,      is  tbe  bar  qf  iron  which  foms  tha  ^^^ffiiigbTeA 

.  2»  2,  4,  4,  are  the  trumiions  by  which  it?*^^uijWl3^' 
Is  the  barrel  {ri*sVroii«'pf%'«  loI»»d>>«ll 
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Fig.  9.  repTreients  a  perpendicular  iipS&im.  tluougB  tSe  Imr 
^  2,      8)  and  in  ^;  fofi ;  ^rpffndiCTiJar..ta  die  kngjji  cf  tbe- 

Tl^.^gure.is  d^gjaed,,tja:iliew  the  jma^ner  m  wliich  tbe- 

^,    lire  th<itwo^iid&0|f,tfa«  bax  tb^f  feencttCoC.. 

J  ..     is  the  riqg>  and  ^  :    •  ' 

j^fi^^^P  are.  thcjicrews  b7  wjich  it  is  faflened  tp  tbctwo  par^i 

fide?  ofj,th^^^  tfttliwp*  »•> 

ftfcfiS*j7 LriL  L. ■ .      n     '*  .       .1  -'.  "l"   ..  . 

I '  ^,.is  f^  tr^ycxTc  £e£lioa  of  ,tl^e  .l>arrcrf.  and'  .        , ,  . 

r,       ffj^.rfjc  three,  fcrcws  by  whkb  the  bHr**!  i6:^ujigorted5 

^cj^coji^ped  in  thecetitcr  €>£  fh«  riiig. 

I  $Ue  ^y^r  hxxt  uj^n  i  l^ 

feme.{cenfideway«^    .    /r;,  •  ...... 

6^  is  the  rod  wliich  is  feeii.  broken  off." 

of  the  bullets  was  fuQ>ended. 

The  dimenuons  of  every  part  of  this  apparatus  ts^j^^  Mcr 

The'Oimof  the  aix^jt()][9i|gr|v  whif^h.the  barrel^  gfcenwn^ 
its.  ij^coil  was  ^eafured  by  a  ribbon,  and  the  l^gths  of  thofe 
cbfirds,  exprefled  in  ipcjbcs.and  decimal  parts  of  an  inch,  are 

« 
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city  of  the  lecoU  from  the  chord  of  the-  arc  through  i^iicli  the 
barrel  afcended,  is  too  well  known  to  require  an  explanation : 
and  It  is  alio  well  known,  that  the  velocities  are  to. each  other 
ai  .the  chord*  .of  thofc  arcs.  The  lengths  of  thofe  chords, 
th^foftt  ^  they  are  iet  down  in  (bo  tables,  are*  m  all  caie^ 
as  fhe^yieloctdes  of  the  recoil.  . .  ' 

The  powder  made  ufe  of  in  theft  experiments  was  of  th^ 
beft  kind,  fuch  as  is  ufed  in  proving  great  guns  at  Woolwich. 
A  cartridge,  containing  1 2  lbs.  of  this  powder,  was  given  to 
me  by  the  late  General  desaovlibas  of  the.  Roval..Aftillery^ 
and  Inlpe^br  of  Brafs  and  Iron  Ordnance;  who  .alio,;  in  the 
politeft  manner,  ofiered  me  every  other  affifbnc(^  in  his  power 
towards  completing  the  experiments  I  had  projc<^ed,  or  in 
making  any  others  1  ihould  propole  that  might  be  ufeful  i{i  jCh^ 
j)rorecution  of  my  inquiries.  .  . 

.  This  powder  was  immediately  taken  out  of  the  QUtri4gei 
and  put  into  glafs  bottles,  which  were  previoufly  made  veqr 
clean  and  dry ;  and  in  thefe  it  was  kept  carefully  fealed  up  tiirit 
was  opened  for  ule.  When  it  %vas  wanted  for  the  experiments, 
it  was  weighed  out  in  a  very  exa£t  balance,  with  fo  much  atten* 
tioo,  that  there  could  not  pofiiblj  be  an  error  in  any  inftahce 
greater  than  one  quarter  part  of  a  grain.  The  bottles  were 
never  opened  but  in  fine  weather,  and  in  a  room  that  was  free 
from  damp,  and  no  more  charges  of  powder  than  were  necef- 
iary  for  the  experiments  of  the  day  were  weighed  out  at  a  time* 
£ach  cbai)^.  was  carefully  j>ut  up  in  a  cartridge  of  very  fine 
paper,  and  thefe  filled  qurtridges  were  kept  in  a  turned  wooden 
box,  that  was  vamiihed  on  the  infide  as  well  as  the  outfide/  to 
prevent  its  imbibing  moifture  from  the  air. 

The  paper  of  which  thefe  cartridges  were  made  was  fo  hnc 
and  thioj  that  xa;8o.  tii^s  of  it  made  no  more  than  an  inch  in 
'  V     2  K  2     '  thicknefs* 


Ji<5  Mr.  Thompson's  Ek^ermienfs  I 

thickti'cfsj  iand  a  cartridge  capable  of  containing  half  sCa  ouace  ; 
6f  Jkjwder  wAghed  but  thri»  quarter  '  ' 

/the  ciurmdges''werc''foiined  upon*  a'  Wooden  ^lindeft  an4 
Accurately  %fcd  to'the  fite  oiF  the  piece,  and  the*edges  of  ^the 
fapcr  wcreifaftcned  together  with  paile  made  of  flour  and  water. 

Wiien  a  cartridge  was  filled,  the  powder  was  gently  Ihakeu  i 
Iq^^tiei'^  'inS fts  'mouth  was  tied  up  and  '(ccuf  ed  with  a  piece  of  j 
iine  thPead ;  and  when  it  Was  made  iife  of  It  was  put  intire  into  ; 
the'  piecei  ahd^gently  pOfHed  dowh  Siito'its  place  wHfe'ilie  lin-  ' 
Vod,  and  afterwards  it  was  pricked  with  a  priming-wire  thnift  , 
through  the  vent,  and  the  piece  was  primed  ;  lb  that  no  part 
of  the  pbWder  of  the  charge  was  loft  in  the  adk  of  loading,  as  , 
is  alw^y^  the  cafe' wheh  the  powder  Is  put  ioofe  into  the  barrel :  ' 
VioV  was  atiy  part  of  it  expended  in  pVitnhig ;  but- tiif  Whote 
quantity  was  fafely  lodged  in  the  bottom  of  "the  bore  or  chanv  ' 
her  of  the  piece,  and  the  bullet  was  put  dow^n  imiuedialely 
Upon  it,  without  any  w\idding  either  betweea  the,  cartridge  : 
and  tfie  bullet,  or  ovet  the  bullet. 

Yhe  butlets  were  all  cift  jh  the  iaine  'mduldf/  and  cohie*  I 
quenily  could  not  viry  in  their  weights  rfbove  two  6r  three  | 
grains  at  moft,  efpeclally  as  I  took  care  to  bring  the  mould  to  a 
proper  temperature  as  to  heat  before  I  began  calling ;  and  when 
leather  was  p^t  about  thein,  6r  other  bullfets  thati^thbfe  of  lead 
were  made  ufe  of,  the  weight  was  deteriiiined  very'el&ftlj  bdfbit 
^cy  were  put  into  the  pielie!        •  • '  •  •  • 

The  diameter  of  the  bullet  was  determined  by  meafurdment 
and  alio  by  computation  from  its  weight,  and  the  fpeciiic  gra- 
vity of  the  metal  of  which  it  was'/ormed^  ail^  tbele 
Methods  gave  the  fame 

'ttie  apparatus  wis  pir  up^fer  'mLxig  the  experur^rfts  m» 
f  oach-houfe,  which  was  found  very  convenient  for  the  purpofe, 

1  « 
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as  the  jo'ifts  upon  wliich  the  floor  over  head  was  laid  afforded  a 
firm  and  commodious  iupport  tor  .fuipending  the  pendulum  and 
tbe  barrel,  and  the  walls  and  roofs  of  the  building  ferved  to 
icreeti  the  apparatus,  which  otherwife  might  have  been  difcom- 
poled  by  the  wind,  and  Injured  by  the  rain  and  dews.   A  pair 
of  very  large  doors,  which  formed  the  whole  of  one  end  of 
the  room,   were   kept  conuantly  open  during  the  time  the 
experimefits  were  making,  in  order  to  prefcrve  tlic  purity  of  the 
air  witiaa  the  houfe,  which  otherwife  would  have  been  much 
injured  by  the  fmoke  of  the  gun-powder  ;  and  that,  in  all  pro.'* 
bability,  would  have  had  a  coniidprable  efied  in  leiTening  the 
force  of  .the  powder,  and  vitiating  the  experiments.  Li  order 
iHU  further  to  guard  againft  thii  ^il,  .the  barrel.  w%s  placed  as 
near  as  poflible  to  the  door,  and  the  pendulum  was  hung  up  at 
the  bottom  of  the  room. 

Fig.  1 2.  reprefents  the  apparatus  as  it  was  put  up  for  making 
the  experiments. 

is  the  barrel' with  ih  ciiriiage;  fufpended  by  the  pendti* 
lous^iodsr,<tf,  and  •         '         '  *  >  .     '  . 

R»  is  the  ribbon  ^khietvfed  tb'titea'IGre  the  aicendkg  arc 
of  its  recoil.   , 

P,  is  the  pendulum,  and 

r,  the  ribbon  that  meafured  the  arc  of  its  vibration. 
.  The  diiWce  frm  the  mouth  o£      piece  ^to  tl^^{«adulum 
was jttft  1 2 fieet.  •        /  ,  »   • 

■  <  ■      ft      •  -  « 

.I'l.t't  *        •♦*.  •'••XF'  t  /  [*r*     i  ^  1* 
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A  tahk  fieufing  the  wtigbit  and  ^mmfinu-rf  4dl  tbi  friati^ 

parti  of  the  apfaratui% 

Of.ibebarrcL 

'  \     *  Ificha 

'  i 

Lcngtli         .         .         .         *         .      '  44,7 

Length  of  the  bore  from  the  muzzle  to  the  breech-pin  43,45 

Diameter  of  the  bore         «         «         •       «  o,;t 

Thtckaefs  of  metal  at  the  lower  v«nt           .    •  .0,3^ 

Thicknefs  of  metal  at  the  rauzzle         ».         •  o,t 
Weight  of  the  barrel,  together  with  the  fblid  breech-pin^  and 
the  vent-icrews  and  vent*tubey  6  lbs*  6  oz. 

Of  ibe  pm  carriage. 

Length  «  .  •  •  |  28,4 

JXs&aaoi  between  the  two  pair  of  tnumions        S  %$,6 
Diameter  of  each  tnimuon        •        ,        i  0^$ 

Weight  40  lbs*  14  oz« 

Of  the  rods  bj  whicb  the  carriage  was  Jujpendcd, 

Length  from  the  axis  of  fufpenHon,  or  center  of  the  pivots,  to 

the  center  of  the  trunnions  of  the  gun  carriag<;,  64  inches. 
Weight  of  each  rod,  i  lb.  4  oz. 

Total  weight  of  the  barrel  and  its  carriage^  together  with  the 
allowaace  that  was  made  ifor  die  we^t  of  the  tods  by  which 
atwasltt(pended»  lbs. 

N.B.  Tins  was  ks  weight  frmeiperSmeiit  N*  j.  todperi- 
xnent  N°  123.  indufive. 
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  ■  -   .     .  .      s-         ,  .  . 

TO«ncter  ©,75  of  an  ihdu    ■  "  '  ' 

Weight  m  lead  580  grains.. 

. .  t,  ■  » 

€lftBe  fendulum,-^  

Total  length  of  the  pendulum  from  the  axis  of  fufpen-  . 

lion-  to  the  bottom  of  the  circular  plate  •  09,5: 

Diameter  of  the  ciffcular  pkte  tO' which,  the  taig^ets  were 

Slfbocebe^eeiithefhouldmof'thepT^        •  3,^ 

Diameter  of  the  pivots  ..  ••  .  ,27 

Weighs  o£  the  iron  part  of  the  pendulum  47  lb.  4  oz» 

^fibe  femitthm  wiHh  ibt  targeU  fiked  U  i^.  as  tt  was  freparid 
fir  making  the  exferimatiti  and  smmkerid.. 


t  otal 
length 
to  the 
ribboo* 

:  >i>iftancc  from  the  axitof 
fufpeniion* 

Total 
weight  of 
iron  asd 

To  the  center 
ofgitvity. 

To  the  center 
of  o&Ulattofi. 

Inches. 

Inches, 

Inches. 

Ibi.  oz. 

IWvluin  N*  I 
F-   N»a 



1    N«4 

69,25 
69*5 

54»4 

SS»6a 

54.6 

58*45 

6o>2? 

59,18 

82  4 
100  12 
88  4 

N.  B.  The  meafure  '»  Englifli  feet  and  inches,  and  the 

migbt  is  avoifdupois. 
^  Having 


Having  now  gone  through  the  defcription  of  all  theprio- 
dpal  parts  of  the  apparatus,  I  fliall  proceed  to  give  an  ac- 
count of  the  experimenlA!^^^^fl#  ^iPk  fatisfa^oij  to 
the  Society  to  fee  thj 
well  as  the  refult 
riments  In  the  exact  order  1ft  which  tKey  were  made,  together 
with  my  original  wnutfj^jiy^i.A^  thei|  make  fuch  general  ob- 
iervatiohs  as  may  occur :  and  afterwards  I  (hall  iele^,  combine, 
anff  taimnMe  them,  in  the  manner  which  heft  anfwers  dut  # 


»  I 

•  »  It-  ♦  7 


v.— ,^4-^'  ill;.  \\  >     ■  aVv!?  V'    -.A  v:.\  I:'"    '.  '  '.'  * 


....... 


» 


» • «  •    •  ft  I 
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General       of  t,he  exferimetUSM 

In  the  two  firil  experiments  the  l^nei  vns  fixed  to  a  canrUge 
(that  has  not  been  defer tbed)  which,  together  with  the  barrel 
and  rods  by  which  it  was  fufpended,  weighed  only  23  f . 

Length  of  the  bore  of  the  piece    43,5  mclics. 
Weight  of  the  bullet  jSograini. 


T&e  fendtthm^  N*  K 


K 

-  £ 


1 
2 


The 

cliara;e  of 
powder. 


Gn. 


208 


.2" 

a: 


In. 


1.8 


In. 


0» 

'5 


c 

'•J  c 


°  ^  E 

3    CO  — 

J 


Inches. 


1  tm 

w 

X 

0 

m. 

j 

3 

re 

u 

'8 

0 

C 

<-> 

U 

tbcl 

cpe 

3 

the  1 

■J 

tai 

0 

•J 

> 


Inches.  In* 


64.5 


33»5 


Ft.  ill 
Sec. 


1267 

1399 


Remarks* 


Ftrft  al^ 


This  gun  carnage  being  fovnd  to  be  too  light,  the  other» 
defcribedy  and  repreTented  fig«  B,  was  fubftituted  in  the  room  of 
11. 


•  I-XXL  a  Order 
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a. 

X 

it 

*-•  c 

CI 


4 

5 
6 

7 
8 

10 

1 1 

12 

13 
I.. 

»5 
16 

17 
lb 

2C 
21 
22 

23 


The 
charge  of 
powder. 


'3 


fcJO 


Grs.  [n. 


208 


416 
208 
104 
310 


330 


.65 


1,8 


3>6 
«,8 
.9 
2.7 


a  B 
u  c 


[n. 


o 

,5 
o 


2»9 


^'7 
^>9 


••45 


1,22 
2,65 


2,65 

o 


'»32 


o 
■a 

•J 


c 

cu 

u 

J3 


Inches. 


12,6 


8,5 

9,6 
10,1 

11,85 
10,9 

10,9 
13,25 

■     a  • 

10,4 


6,8 
6,85 

6,7 
63 


S  o  £ 


3 

u 


w  _ 
to  w 


Inches. 


65, 


65> 

65-25 

64,6 

^>5, 
64,75 
65*25 
61, 5 

63,5 


63:5 
6-' 

62,2 


6c,6 
61,5 


o 

u 

u  o 

r"  <J 
w,  - 

o  V 

>- 

o 
U 


[nchc5. 


17,8 
i8,s 
38,68 
38,48 
6,1 
16,5 
17,69 
10,18 
24,69 

24,95 
24,9 

•  •  • 

26,2 

•  ■  • 

12,7 
26,3 

26,4 

14,73 
14,2 

14,8 
14,58 

14,68. 


o  *-» 

t;  3 


Kt.ln 
fee. 


Remarks. 


1 21 3  Second  day. 

The  pendulum  gave  way 
4  bull;.ts  were  fired  at  ooce. 
Ditw. 

Without  any  bullet. 
Ditto. 

1 28 1  !Pcn.     2  i  very  fair;  3d  day 

782' 

1 


»459 
»527 
1801 

1646 

1748 
20O0 

•  • 

1619 

'633 
1084 

1093 

107  ii 

•035 
1 142 


The  powder  was  lighted 
by  the  long  veot-tubc 
(llg.  4.). 

he  barrel  very  much  heated. 


C  The  fliort  vcnt-iuhe  (c, 
[   fig,  3.)  was  made  ufcof 


In  order  to  determine  how  much  of  the  force  of  the  powder 
was  loft  by  windage  and  by  the  vent,  oiled  leather  was  faftened 
round  the  bullet,  fo  that  it  now  accurately  fitted  the  bore  of 
the  piece;  and  in  the  five  experiments,  from  35.  to  N"  39. 
inchiiive,  the  valve-vcnt  was  made  ufe  of. 

Wt  ight  of  the  bullet,  together  with  the  leather  in  which  it 

was  enveloped,  603  grains, 

. .        '  .    .•   .  .  Order 
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I'ilO 

charge  of 
powdtr. 

y  i: 

1  1 

"J  c 

y  a, 

■J 
— 
n 

,  It  • 

t  c. 

0 

• 

0 

* 

Outer  ol  t 
rimef 

• 

u 

"  s 

^ 

0   C  u 

3  — 

2  "0 

*^  _v 

0  'J 

'-J 

u 

>  . — 

— 

Grs. 

In. 

In. 

Inches. 

Inciics. 

Inches. 

1  t.ir. 

ICC. 

25 

16s 

1,45 

0 

0,0 

'4,95 

IC04 

r  ourui  dsVf 

26 

«    •  • 

"S3 

27 

•    ■  • 

1  1  0  J 
I  '  y  * 

28 

2,9 

»5S9 

29 

•  • 

•  • 

•    •  • 

64, 

28,1 

■1 

«  • 

'  ~  ,  ■ 

62,4. 

1^,2 

'   ■  ■  5 

914 

^Finding  that  theblaft  of  the  powder  always  reached  as  far  as 
the  pendulum,  when  larp  c  cli  irgos  were  madeufeof,  and  fuA 

peclin<r  that  tliis  circumllance,  together  with  the  impulfc  of 
tiie  uiirired  grains,  might  in  a  great  me»iiure  occafiou  the  appa- 
rent irregularity  in  , the  velocities  of  the  bullets;  to  remedy 
thefe  inconveniences,  a  large  iheet  of  paper  of  a  moderate 
thicknefs  was  ftretched  upon  a  fquare  frame  of  wood,  and  in- 
terpofedas  a  fcreen  before  the  pendulum  at  the  diflance  of  two 
ftet  from  the  furiface  of  the  target. 

Two  rccifons  confpired  to  induce  me  to  prefer  this  method  of 
preventing  the  impiiHb  of  the  flame  upon  the  penduhim  to  the 
obv  ious  one  of  rcmm  ing  the  pendulum  further  from  the  mouth 
of  the  piece ;  the  liril  was,  that  I  was  unwilling  to  increale  the 
diitance  between  the  barrel  and  the  pendulum,  leA  tlie  reiifbince 
of  the  air  might  zSt€L  the  velocities  of  the  bullets ;  and  the 
focond,  which  I  confeft  did  not  operate  lefs  ftrongly  than  the 
firil,  was,  that  the  length  of  the  houfe  did  iwt  adiiutof  a  greater 

2  L  2v  diftancc, 


s^t  Mr.  tBOMP80i9*s  Exptrimtnts  \ 

diftance,  snd  I  was  unwilling  to  expo&  any  part  of  the  apjo*  | 

ratus  in  the  open  air,.  •  ■ 

But  the  Icreen  was  found  to  an{\ver  perfedly  well  the  pur-  ' 
pofe  for  which  it  wa5  deiigned,  and  it  was  continued  during  the 
lemainder  of  the  experiments^  the  paper  bang  le^aced  eveij 
third  or  fbufth  experiment. 


The  experiments  coHUniad, 


1 

M 

• 

JS  C 

The  1 

charge  of 
powder. 

1 

^1  (11 

1 

•0  c 

z  K, 
"  <> 

|4  ^ 

1  ^ 

.■J  X  ^ 

*-»  r:  S 

ii  « 

c 

le  arc  of 
oil. 

w 

0 

m 

S  ' 
0  *- 

^  i  ^ 

^  Jo.r: 
— ■  0 

Remarks. 

Order  o 

ri: 

• 

'3 

• 

0 

u  0 

^  P 

5  5P  a 

-2  ^  ^ 
~J  ^ 

w  w 

0 
U 

> 

Grs. 

In. 

[n. 

'aches. 

Inches. 

Inches. 

Ft.in 
fee. 

:  w 

r  Nor  IcaiVictft! ;  weight  of  tSf 

165 

1,45 

0 

5.45 

63. 

15.45 

839 

j     buHcl         vva«l  60;  gi5.  Itlfljv 

s        32.110  iefsthaa  40  injesii 

33 

I2»65 

839 

1   of  vnfirrd  po«nl«t  «tie  dtra 

V  through  the  IcfVCO. 

34 

7.9 

•    •  • 

»5.45 

1217 

'  In  thcfe  6  cxperimenw  ttit 

3S 

7» 

60,2  > 

i":  29 

bullcu   were  leathered, 

7,4 

62,  ^ 

1 161 

and  the    powiler  was 

37 

•  ■ 

•  • 

1*3 

8, 

61, 

17,9 

1277 

j  lighted  by  the  valve- 

38 

290 

2,0 

9> 

23,5 

1497 

vent. 

,  39 

.  24  8 

•  • 

The  pend.      2*  ruiocd. 

The  bullets  were  now  put  naked  into  the  piece,  and  the 
powder  was  lighted  by  the  fhort  vent-tube  (t',  fig,  3  )  and  ibme 
little  improvement  was  made  in  the  fteel  edges  between-  which 
the  ribbons  palled  that  ibrved  to  meafure  the  aicending  arcs  of 
the  pendulum  and  of  the  recoil,  by  \vhich  means  the  firitea 
was  lefiened,  and  the  ribbon  w.\s  prevented  from  twifling  or 
entangiing  itfelf  as  it  was  drawn  out* 
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ApparatuSm 


The  barrel  with  its  carriage  as  before. 

The  pendulum,  N**  3.  and 

Leaden  bullets,  weiglilng  580  grains  each. 
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Ft.  in 

ILL  « 

40 

210 

A  AC 

1 0, 

r5th  dsy ;  medium  veloJ 

4> 

•  • 

6,31 

A- 

17.71 

I  197 

i   city  in  their  Cxpci  iu»ci»t> 

42 

»  • 

o>45 

Ac 
05* 

I2jC 
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!>  Medium  velocity  1427. 
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Medium  velocity  1493. 
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Uitto     ii^rd  as  in  fTSS. 

Heft  double  battle  potrdcr. 
(iovcrnincnt  powder. 

The  following  experiments  N"  78,  79,  80,  and  81.  were 
made  in  hopes  of  being  able  to  dilcover  a  method  of  adding  to 
the  force  of  gun-powder,  IVeuty  grains  of  the  fubihiices 
mentioned  in  the  remarks  upon  each  experiment  weie  ind* 
mately  mixed,  with  the  powder  of  the  charge.  In  the  experi* 
ment  N*^  82.  a  large  wad  of  tow,  well  ibaked  in  ethenal  f|Mnt 
ot  turpeiitli.e,  was  put  into  the  piece  immediately  upon  the 
Lullct :  and  in  the  experiment  N""  83.  a  wad,  foaked  in  alkohol, 
was  pQt  into  the  piece  in  like  manner. 
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/  The  Tcrcw*  v.  h  ch  held  ihc  hook: 
J  by  which  tlie  peadtijum  w«s  fuA 
itcniicJ  g«e  way,  ajul  the  pen- 

L  <ittlvin  cane  d«wn. 

Itx  the  nine  following  experiments,  viz,  from  N*  84.  to  N' 
i/-.  inclulive,  the  valve-vt;nt:  was  made  ulc  of,  and  the  bullet.? 
were  made  to  fit  the  bore  of  the  piece  very  exa6lly  by  means  of 
oiiedleather,  which  was  fo  Urmly  faflened  about  them  that  in 
each  esperknent  it  entered  the  target  with  the  bullet:  ' 

The  bullet  madeuie  of  in  experiment  N?  8  5..  was  of  wood. 

Thole  iiicd  in  the  cxpciimcnrs  N  '  86.  and  8j.  were  f()r!i:ied 
ill  the  lul lowing  manner;,  a  fn:kall  bullet  was  caft  of  piaiftcr  of 
Parity  which  being  thoroughly  dried,  and  well  Iieated  at  the 
file,  was  fixed  in  the  center  of  the  mould  that  &rved'fbr  cailing 
all  the  leaden  bullets  made  u^e  of  in  thefe  experiments;  and- 
melted  lead  being  poured  into  tlii^  mould,  the  cavity  that  lur-- 
rounded  the  fmall  plaifter  bullet  was  intirely  filled  up,  and  a 
bullet  was  produced,  which  to  the  eye  had  every  :  ppearanoe  of 
ibIidiQry  but  was  as  much  lighter  than  a  folid  leaden  bullet  of^' 

the; 
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the  fame  diameter  as  the  plaifter  bullet  was  lighter  than.a.leaden 

bullet  of  the  fame  fize. 

]n  the  experiments  N  88.  and  N'  89.  folid  leaden  bullets 
were  made  ufe  of.  In  the  experiment  N'  90.  two  bullets  were 
difchargcd  at  once  ;  in  the  experiment  N"  91.  three  ;  and  in  the 
experiment  N"  92.  four  were  ufed. 

In  each  of  thefe  experiments  a  frefli  (heet  of  paper  was  made 
ufe  of  as  a  fcrecn  to  the  pendulum,  in  order  that  the  velocities 
of  the  bullets  might  be  meafured  more  accurately ;  and  alio, 
that  the  quantity  of  unfircd  powder  might  be  eftimated  with 
greater  preclfion.  I 
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Thg  pppdiiluin  Wit  not  o^ferycd. 


In  the  following  experiments  N**  100.  andl^T'l^t;  the  bul* 
lets  were  not  put  down  into  the  boie»  bnt  were  iupported  hy 
three  wires,  which  being  fafbened  to  the  end  of  the  barrel  pro- 

je^ed  beyond  it,  and  confined  the  bullet  in  fuch  a  fituation  that 
its  center  was  in  a  line  with  the  axis  of  the  bore,  and  its  hinder 
part  was  one-twentieth  of  an  inch  without  or  beyond  the 
mouth  of  the  piece. 

In  experiment  N*"  102.  the  bullet  was  jud  Auck  into  the  bar* 
rel  in  iiich  a  manner  that  near  one-half  of  it  was  without  the 
bore* 
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All  that  part  of  the  bullet  which  lay  towards  die  bore  of 
the  piece  appeared  to  be  quks  6at  from  the  ^^.of,  i^ibilaoce  it 
bad  fuibined and  ks  fwlSbecwas  ojf  f^aljl  1  ~ 
probably  were  occafioned  bjr  the  uufired  smH#of1powdec 
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The  following  experiments  were  made  with  the  pendulum 
4.   The  reft  of  Jthe  apparatus.as  before^  «  , 
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Of  tin  metbofl  n^di       of  for  comptukg  tbt  Vilodtki  tf  fSg 

■  *         •  '    -  ■€ 

As  tiie  methocf  of  computing  the  velocity  of  a  bullet  from 
the  arc  of  the  vibration  of  a  pendulum  i?ito  which  it  is  fired  is 
jo  well  known,  I  flia^  no$  enlarge  upon  it  in  this  place,  but! 
{hall  juft  give  the  tlieorems  that  have  been  propofed  by  different ' 
^uthors^,..«a4  ^l^ail  refeit  thofe  iwho^  wUh.  to  lee  tnor^  t^llti^ 
je£t  to  Mr.  robihs'Is  Nisw  -^nncipjles  of  :Gt^aiieiy;^  &  P^^^j 
kui.aR*s  Qbfemtionsupoa  Mr.  robiKs's  £kKdiLaiid,  la^ly,  to 
Ur.  iiutton's  Paper  on  the  Initial  Velocities  of  Cannon BalL-;,, 
which  is  puUiihcd  i4i|tlic,Tojiiiidiiiasju£  the  Society 
i-enr  1778.    -  -       ■  *     •  < 

If  a  denote  the  lungtii  from  tlie  axis  of  the  pendulum  to 
.ittbbon  whidi.  i»fiarure^j;hre|chor<i<of  ,tW  asc  of  itsrvi 
j      ^th«y  fli(bntoof  tjie  center  o^  grsp?i|3[^  beljDW  ij^j 
f,  the '(ii^ance  of  tlie.,C(^at;jer  o|f  ofcIlUti(^;  j 


-thfr^^UAsMiee  of  the  point  ftikick: by  the  Outlet; 


c,  the  chord  of  the  alccnding  arc  of  |the  pepdulum  |j 
P,  the  weight  of  the  pendulum  ;  " 
^,  the  weight  of.  the  bul  lot,  and  ^ 
V,  the  original  vel^>^itf^ja^jlhe|biiiitftir 
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«  =•  5,67  a  is  Dr.  HUT  ton's  theorem,  which  is 

fufficiently  accurate,  and  far  more  fimple  and  expediri  xis  tii  m 
either  of  the  preceding.  It  is  to  be  remembered,  tl  r  \  h, 
andCy  may  be  expref!"  1  la  any  meafure  ;  but /  muft  he  l'"nglifh 
feet,  and  v  will  be  the  velocity  of  the  bullet  in  Englilh  ieet  in. 
a'iecood.:  ' 

The  velocities  of  the-  htdlets  in  moft  of  the  forcgohig  expe- 
riments were  firft  computed  by  euleh's  method,  as  I  liaJ  not 
then  feen-Dr.  button's  paper ;  but  in  e^oiiig  over  the  calcula- 
tions a  fecond  time,  I  made  ufe  of  Dr.  mutton's  theorem. 
Both  thefe  methods  gave  the  fame  velocity  very  nearly,  but  the; 
I>o£lor's  method  is  byinoch  the  eafied  in  pradbice.. 

In  theie  comptktatiociS'cai».wastakeBito  make  a  proper  UIow*- 
ance  fbr  the  bullets  that  were  lodged  in  the  pendulum,-  and  alio, 
for  the  velocity  loft  by  the  bullet  in  pafltng  through  the  fcreen. 

The  corre<5^:lons  ncccilary  on  account  of  the  bullets  lodged  in 
the  pendulum  were  made  in  the  following  manner,.  . 
b  was  continually  added  to  the  .value  of  P, 

-^x  3  ^         to  the  value  of  ^,  and: 

'  .=     •  ■••I  ua  :     ■  ..  , 

Of  the  Jpaees  eccuphii  fy  lh  dij[irent  charges  of  pemikr* 
The  heights  of  ,  the  charges  of  powder,  or  the  lengths  cf 
die  Ipaces  wliich  tlif^i^^upied  in  the  bore,  were  determined: 
by  aM^A>remeiiH  an4  jj^)  prftcr  that  this  might  be  done  with 
greater  accuracy, -iiiclics^^^nd  tenths  of  inches  were  .marked' 
upon  the  ram-rod,  land  the  charge  was  gently  forced*dowa  till  it- 
occupied  the  fame  fpace  in  each  experiment.. 

The  foUowiog  table  fhews  the  heights  of  the  charges  as  they 
were  determined  by  meafurement,.  and  aifo  their  heights  com- 

gutcdi 
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puted  from  the  diameter  of  the  bore  of  the  piece,  aad  the  ^ 
cific  gravity  of  the  powder  that  was  made  ufc  of. 
N.  8.  By  an  experiment  1  lhall  give  an  account  of  hereafter* 

I  found  the  fpecific  gravity  of  this  powder  (haken  well  together 
to  be  to  that  of  rain  water  as  O99  J7  is  to  z  ,000. 
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In  the  experiment  30.  the  pow- 
der was  put  into  a  cartridge  fo  much 
fmaller  than  the  bore  of  the  piece,  that 
the  charge,  inftead  of  occapying  1,45 
inches,  extended  3,2  inches.  By  this 
difporition  of  the  powder,  its  aulion 
jupou  the  bullet  appears  to  have  been 
very  much  dimiiii(hed. 


Of  thi  4jfe&  thai  tbt  beat  which  pieces  acquire  in  firing  preims 

t^tm  the  firce  of  p&ivden 

Tt  is  very  probable,  that  the  excefs  of  the  velocity  of  the 
bullet  in  the  lecond  experiment  over  that  of  the  firft  was  occa- 
iioned  more  by  the  heat  the  barrel  had  acquire4  in  the  firft 
experiment  than  by  the  pofitbn  of  the  vent,  or  any  other 
ctrcumftance ;  for  I  have  {ince  found,  upon  repeated  trials,  that 
the  force  of  any  given  charge  of  powder  is  confiderably  greater 
when  it  is  fired  in  a  piece  that  has  been  previoudy  heated  by 
firing,  or  by  any  other  means,  than  when  tlie  piece  has  not  been 
heated.  Every  body  that  is  acquainted  with  artillery  knows, 
that  the  recoU  of  great  guns  is  much  more  violent  after  the 
fecoad  or  third  difcharge  than  it  is  at  firft ;  and  on  ihip-board, 

where 
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where  it  is  neceflary  to  attend  to  the  recoil  of  the  guns,  ia 
order  to  prevent  very  dangerous  accidents  that  might  be  occa~ 
fioned  by  it,  the  conftant  pradice  has  been  in  our  navy,  and,  I 
believe,  on  board  the  ihips  of  all  other  nations,  to  kflea  the 
quantity  of  powder  a^f  tbe  fir£l  four  or  five  rounds  i  our  32. 
.  foonden^  for  inftance-,.  are  oommonly  fifed  with-  14  lbs.  of 
powdec  ai  the  beginning  of  aa  ai6lion,  but  the  chaige  is  very 
iboni  reduced  to  sf  lbs.  and  afterwanls  10*9  lbs*  and.  the  filled 
cartridges  arc  prepared  accordingly. 

By  the  recoil  it  fliould  feem^  that  the  powder  exerted  a  greater 
force  alio  in  the  fourth  experiment,  being  tiie  fecond  upon  the 
lecond  day,  than  it  did  upon  the  third,^  or  the  firil  upon  that 
day ;  but  the  pendulum  giving  way,  it  was  not  poi&ble  to  cpm** 
pin  the  velbddes>o£  the*  bullets  in  ihe  ouumer  we  dad  ia  the 
two  experiments  mentioned  above^ 

This  augmentation  of  the  force  of  powder^  when  it  is  hred 
in  a  piece  that  is  warm,  may  be  accounted  for  in  the  following 
manner.  There  is  no  iubftance  we  are  acquainted  with  that 
does  not  req^uire  to.  be  lieated  betoie  it  will  burn even  gun*^ 
pOBRrder  is  not  iofiamfsable  when  it  is  cold.  Great  numbers  of 
iparica  or  rodi-hot  particles  from  the  flint  and  ftedLarc  frequently 
feen  to>  light  upon  tht  priming  of  a  mulket,  without  letting^ 
file  ID  the  powder,,  and  grains  of  powder  may  be  made  to  pafs. 
through  the  flame  of  a  candle  without  taking  the  fire ;  and. 
what  is  IIjU  more  extraordinary,  ii  large  grains  of  powder  are 
kt  fail  horn,  the  heiglit  of  two-  or  three  tect  upon  a  red-hot 
plate  of  iron,  laid  at  an- angle  of  about  45°  with  the  plane  o£ 
the  horiaon,  they  will  nebound  iniire  without  being  burnt,,  or 
in  the  leaft  altered,  by  the  experiment..  In  all  thefe  cafes  the: 
fice  is  too  feeble,  or  the  duration,  of  its  action  is.  not  fuffidenrlp 

long; 
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long  to  heat  the  powder  to  that  degree  which  is  neceilary  m 

>0rder  to  its  being  rendered  inflammable. 

Now  as  gun-powdefy  as  well  as,  all  other  bodieSy  aajuint 
heat  by  degrees,  and  as  feme  fpace  of  time  is  taken  np  in  tfeis 
ns  well  as  in  all  other  operations,  it  follows,  that  powder,  which 
has  been  warmed  by  being  put  into  a  piece  made  hot  by  repeatei^ 
iiring,  is  much  nearer  that  (late  in  which  it  will  bura^  or,  X 
jnay  fdy,  is  more  inflammable  than  powder  which  is  cold ;  ooa- 
feqnently,  more  of  it  vnVL  take  fire  in  a  given  fhort  fpace  of 
time,  and  its  adioii  upon  the  bullet  and  upon  the  gun  will  uf 
.courl'e  be  greater. 

The  heat  of  the  piece  will  alfo  ferve  to  dry  the  air  m  tbe 
l)ore,  and  to  clear  the  infide  of  the  gun  of  tlie  moifioie  that 
colleds  there  when  it  has  not  been  fired  for  ibme  time,  ami 
tliclc  clicumftanccs  doubtlefs  contribute  fomethlng  to  the  quick-' 
nefs  of  the  inflammation  of  the  powder,  and  coniequently  to 
its  force. 

As  it  takes  a  longer  dme  to  heat  a  lai|^  bod^  than^a  finalt 
one^  It  follows,  that  meal-pawder  i»  more  inflammablB-diaar 

that  which  is  grained ;  and  the  fmaller  the  particles  are,  the 
cjuicker  they  will  take  fire.  The  failors  bruife  the  primmg 
after  they  have  put  it  to  then:  guns,  as  they  hnd  it  very  diffi- 
jcult,  without  this  precaution^  to  fire  them  <M  with  a  nuttcht 
and-  if  thofe  who  are  Ibnd  of  i^K)rtiiig  would  make  uie  of  a 
finuiar  artifice,  and  prime  their  pieces  with  meal-powder,  they 
would  mils  lire  lefs  often,  the  fprings  of  the  lock  might  be. 
made  more  tender,  and  its  hze  confiderably  reduced  without 
any  rifque,  and  the  violence  of  the  blow  of  the  flint  nnd  fteel 
in  ftrtking  fire  being  lei&ned»  the  piece  aught  be  fired  witb 
greater  precifion. 

3  *  Concluding 
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Conchiding  fix>m  die  refult  of  the  four  experiments  men- 
tioned above,  as  well  as  fioin  the  reafoas  in  ft  cited,  that  thef 
temperature  of  the  piece  has  a  con(iderable  effcd  upon  the  force 
of  the  powder,  I  afterwards  took  cire  to  biiag  the  barrel  to  i 
propor  degree  of  heat,  by  firing  it  oaoeor  oftener  with  powder 
each  riine;  I  recommenced  the  experinieiits  afterthe  piece  had 
been  lejft  to  cool*  -  j 

Of  the  manner  in  which  pieces  acquire  beat  in  firing, 

1  was  much  iurphied  upon  taking  hold  of  the  barrel  ithme^ 
diately  after  the  experintcnt  N°  17.  when  it  was ^fircd' With  ^36 
grains  of  powder  without  any  Imlie^  todind^it^fbtTtfiyhior  that 
I  could  icarcely  bearit  in  myiiaiidjtcxyietitl^ritndftlvi^ 
1  had  ever  obierved  if  faefere,  Tiotwithflairimg the^fame  charge' 
of  powder  had  been  made  ulc  01  in  the  two  preceding;  experi- 
ments, and  in  both  thele  experiments  the  piece  was  loaded 
with  a  bullet,  which  one  would  naturally  imagine^  by  confining 
the  flame,  and  prolonging  the  time  of  its  a£tion,  would  heat* 
the  barrel  much  more  than  when  |t  was  fired  Kvith  powder 
alone. 

I  was- convinced  that  \  could  not  be  mi^hiken  In  the  fa6l,  for 

it  had  been  ray  conllant  pradice  to  take  hold  of  tlic  piece  to 
wipe  it  out  as  loon  as  an  experiment  was  hnllhcd,  and  I  nr\cr 
before  had  found  any  inconvTnicnce  trom  the  heat  in  holding  it. 
But  in  order  to  put  the  matter  b^ond  all  doubt,  a^er  letting 
the  barrel  cool  down  to  the  proper  tetnperature,  I  repeated  the 
OLperinicnt'twice  with  the  fame  charge  df^powder^ixl  a'bullet$ 
and  in  both- thefe  trials  (experiments  18.^  and'K^  19.)'  the 
heat  of  the  piece  was  evidently  much  iefs  than  what  it  was  in 
the  experiment  above  mentioned  (N'  i  -7»).  • 

Vol.  UCXI.  2  N  I  now 
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1  now  regretted  exceedingly  the  lofs  of  a  fmall  pocket  ther- 
mometer, uhich  1  had  providv.d  on  purpofe  to  meafure  the 
heat  of  the  barrel,  but  it  was  accidentaiiy  broken  bj  a  hVL  the 
day  before  I  began  my  experiments ;  and  being  (b.  far  fnun 
London,  I  had  it  not  in  my  power  to  procure  another :  I  was 
therefore  obliged  to  content  myfelf  with  determining  the  hcafc 
of  the  piece  as  well  as  I  could  by  the  touch. 

Being  muchftruck  with  this  accidental  difcovery  of  the  great 
decree  of  heat  that  pieces  acquire  whea  they  are  fired  with 
powder  without  any  bullet,  and  being  deftrous  of  finding  out 
whether  it  is  a  circumftance  that  obtains  univerfally,  I  was 
very  attentive  to  the  beat  of  the  barrel  after  each  of  the  fuc- 
€eediog  ezperimeirts ;  aod  I  cdnfbntiy  found  the  heat  fenubiy 
greater  whea  die  piece  wa»fiitd  wxiIl  powder  only,  than  when 
the  fame  cbargcwas  made  to  impel  one  or  more  bullets. 

Thougli  the  refult  of  thefe  experiments  was  totally  unex- 
pected, and  even  contrary  to  what  I  ihould  have  toretold  if  I 
had  been  afked  an  opinion  upon  the  fubje&  previoos  to  making 
them ;  yet^  after  mature  coniideration»  I  am  now^  convinced, 
that  it  is  what  ought  to  happen^  and  that  it  may  be  accounted 
for  very  well  upon  principles  that  arc  clearly  adiiiiillble. 

It  is  certain^  that  a  very  Imall  part  only  of  the  lieat  that  a 
piece  of  ordnance  acquires  in  being  fired  is  communicated  to  it 
by  the  flame  of  the  powder;  for  the  time  ef  ttaadioab  fo 
ihort  (not  being,  perhaps,  in  general  longer  than  about  ^\th 
or  TTiy^^  p3rt  of  a  fecond)  tliat  il  its  heat,  inihead  of  beina"  4 
times,  as  Mr.  rowns  fuppofes,  was  400  times  hotter  than  red- 
hot  iron,  it  could  not  ieufibiy  warm  fo  large  a  body  of  metal 
as  goes  to  form,  one  of  our  large  pieees  of  cannoo.  And  bt- 
iides»  if  the  heat  of  the  flame  was  fufiiciently  intenfo  to  prs* 
duce  fo  great  an  efied  in  fo  fhort  a  timei  it  would  certainly  be 
4  fu&ci«nt 
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foffident  to  bum  up  aU  mflammable  bodies  that  k  came  near, 
and  to  melt  the  ihot  that  it  furiounded  and  impelled,  efpecially 
when  thejr  werefmalU  ^mA  wto  ooflcipored  of  lead  or  any  other 
foft  metal ;  but,  on  the  contrary,  we  frequently  fee  the  fiucft 
paper  come  out  of  the  mouth  of  a  piece  luiinflamed,  after  it 
has  fuftained  the  a«^on  of  the  fire  tli rough  the  whole  length  of 
the  bore,  and  the  fmaUeil  lead  ihot  is  dilcharged  without  being 
melted. 

But  it  oiay  beobjeded  here,  that  bullets  are  always  found  to 
be  very  hot  if  they  are  taken  up  immediately  after  they  come 
out  of  a  guti ;  and  that  this  cf  rcumftance  is  a  proof  of  the  inten- 

lity  ut  the  heat  of  the  flame  oi  powder,  and  of  its  great  power 
of  communicating  heat  to  the  denieil:  bodies.  But  to  this  I 
anfwer,  I  have  always  obfcrved  the  faoiQ  thing  .of  bullets  dii^ 
charged  from  wmd-guns  and  crof&*bows,  efpecially  when  they 
have  impinged  i^nft  any  hard  body,  and  ^re  much  flattened ; 
and  ballets  from  mtiikets  are  alwajrs  found  to  be  hotter  in  pro- 
portion to  the  hardnefs  of  the  body  againft  which  they  are 
fired.  If  a  mulket  ball  is  hrcd  aitu  any  very  foft  body,  as  (tor 
inftaiice)  into  water,  it  will  not  be  found  to  be  fentibly  warmed  ; 
but  if  it  is  fired  againfla  thick  plate  of  iron,  or  any  other  body 
that  it  cannot  penetrate,  the  bullet  will  be  demoliflied  by  tlie 
blow,  and  the  pieces  of  it  that  are  difperfed  about  will  be 
found  to  be  la  a  ftate  very  little  ihort  of  fufion,  as  I  have  often 
found  by  experience.  It  is  not  by  the  flame  therefore  that  bul- 
lets are  heated,  but  by  percuffion.  They  may,  indeed,  receive 
fome  fmall  degree  of  vvaraith  from  the  flame,  and  iHll  n<ore 
perhaps  by  friction  againft  the  tides  of  the  bore,  but  it  is  In  flrik- 
ing  againft  hard  bodies,  and  from  the  refinance  tiiey  meet  witii 
in  penetrating  thole  that  are  ibfter,  that  they  acquire  by  far 
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the  greater  part  of  the  heat  wc  find  in  them  as  fbon  as  tbey 

come  to  be  at  reft,  alter  h&ving  been  discharged  from  a  guiii 

There  »  another  circumftance  that  tnay  po&bly  be  brought 
aa  an  obje^lioit  to  this  opinion,  arid  that  is  the  running  of  the 
metal  in  hr^is  guns  upon  repeatedly  firing  them,  by  wliich 
means  the  vent  is  often  fo  far  enlarged  as  to  render  the  piece 
mttrely  uielefs.  But  this,  I  think,  proves  nothing  but  that 
brafs  b  very  eaiily  oorroded^  and,  deftroyed  by  the  flame  of 
guiT-powder ;  for  it  cannot  be  fuppofed,  that  in  theiecaies  the 
metnl  is  ever  ialriy  melted.  The  vent  of  a  mufket  is  very  foon 
enlarged  by  firing,  and  after  a  long  courfe  of  fervice  it  is  found 
ftecdfary  to  flop  it  up  with  a  folid  fcreWy  through  die  center 
6f  which  a  new  vent  is  made  of  the  proper  dimeaiion$»  Thia 
Operation  is  called  buihing,  or  rather  bouching  the  piece ;  bvl: 
in  all  the  better  kind  of  fowling-pieces  the  veiit  is  hned,  or 
bouchcd,  with  gold,  nnd  they  are  found  to  Hand  fire  for  any 
length  of  time  withoiir  receivinp;  the  leaft  injury.  But  every- 
body knows  that  gold  will  nra  with  a  lefs  heat  thait  b  rd^oired 
to  melt  iron  :  but  gold  is  not  corroded  either  b|f  ' the  fpirkof 
nitre,  or  the  acid  fpirit  that  is  generated  from  fulphur,  whereas 
iron  is  very  eatily  deftroved  by  either  ;  and  that  I  take  to  be 
the  only  reafon  why  a  vent  that  is  lined  with  gold  Is  ^  much 
more  durable  than  one  that  is  made  in  iron.  But  k  feem$»  that 
iron  is  more  durable  than  hnkfs ;  and  perhaps  1^1,  or  iome 
other  cheap  metal,  may  be  found  that  will  fupply  the  place 
of  gold,  and  by  that  means  the  great  cxpence  that  attent^s 
bouching  pieces  with  that  precious  metal  may  be  fpai«d^  and 
this  improvement  may  be-introduced  into  common  uie; 

Thb  leads  us  to  a  very  eafy  atid  effectual  remisdy  <ftr  tUt 
defed  Co  long  complained  of  in  all  kinds  of  brafs  ordnance, 
tbe  running  of  the  mmt  \  for  If  thefe  pieces  were  bouched  wirh 

kouy 
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Irui,  tlMft  is  notibobc  but  they  would  ftafid  f^re  as  well  as  iron 

guns;  and  if  fteel,  or  any  other  metal,  either  innplc  or  com- 
pounded, (houM  upon  trial  be  found  to  anlwer  for  that  pur- 
pofe  better  than  iron,  it  might  be  ufed  inflead  of  it ;  and 
even  if  gold  was  made  ufe  of  for  lining;  the  yent,  I  imagine  it 
might  be  doneinfuch  a^manner  as  that  the  expence  wouid  not 
lie  veiy  confiderable,  at  the  fame  time  that  the  thicknefs  of  the 
gold  ihoftid  be  infficient  to  %vithftand  the  force  of  the  flame  for 
a  very  great  lcnJr^h  imic. 

But  to  return  to  tlie  heat  ncquired  bv  guns  in  firing.  It 
being  pretty  evident  diat  it  is  not  ail  connnunicated  by  the 
flame,  there  is  hut  one  other  caufe  to  which  it  can  be  attri- 
buted^ and  that  is  t|ie  metion  and  fi-idion  of-  the  internal  parts- 
of  the  metal  among  themlelves»  occafioned  by  the  fuddeii  and- 
violent  effort  of  the  p«iwder  upon  the  infide  of  the  bore,  and 
to  this  cauic  1  imagine  the  heat  is  principally  if  not  almoft 
intlrely  owing.  It  is  wcii  known,  that  a  very  git^.Tt  degree  of 
heat  may  be  generated  in  any  hard  aiid  d'  nfc  body  in  a  Ihort 
ipace  of  time  by  fri6^ion,  and  in  a  ftill  Ihorter  time  by  coUi- 
fion.       For  if  two  denie  hard  elaftie  bodies  be  ikuck  againft  . 

each  ocher  with  great  force  and  Telocity,  all  the  parts  of  ' 
«  fiich  bodies  will  every  moment  be  clofely  comprefledv  andl 
**  being  rigid  will  with  equal  force.    Hence  a  quick  and 

"  powerful  contraction  and  expaniion  wdl  nrife  in  every  part, 
"  refembling  that  fwift  kind  of  vibrations  obferved  in  ftretchcd 
"  Ib-ings ;  how  great  rhefe  vibrations  are  may  bs  kamt  from 
•*  the  inibnce  of  a  bell,  when  ftruck  with  a  tingle  blow,  by 

which  the  whole  bulk,  however  vafl:,  will  for  a  long  rime 
*♦  expand;  and  Contraft  itielf  in  infinite  ellipfes.  And  when 
"  the  un  ition  abov  e  defcribed  is  produced,  with  what  force  andJ 

velocity  are  all  the  particles  of  the  rubbed  body  comprdied, . 
2  **  fliaken,, 
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««  ibakeOy  and  looioied  to  their  very  inticnatefttbibuice^r*  And 

in  propoitioiltD  thelwiftnefs  of  this  vibration,  and  the  violeoo» 

of  the  attrition  and  friction,  will  be  the  heat  that  is  produced. 

Ji  piece  of  iron  that  would  ruftain  the  prelTurc  of  any  weiphr, 
however  large,  without  being  warmed,  may  be  made  quite  hot 
by  the  blow  of  a  hammer ;  and  even  foft  and  un-elaflic  bodief 
may  be  warmed  hy  porculiion,  provided  the  velocity  with  which 
their  parts  are  made  to  give  way  to  the  blow  is  fufficiently  rapid. 
If  a  leaden  hiiHet  is  laid  upon  anvil,  or  any  other  hard  body, 
and  in  that  lituation  it  is  ftruck  with  a  fmart  blow  of  a  ham- 
mer, it  will  be  found  to  be  much  heated ;  but  the  fame  bullet  in 
:the  fame  fituation  may  be  much  more  flattened  by  prefiuie,  or 
by  the  itroke  of  a  very  heavy  body  moving  with  a  fnttll  vek)» 
city,  -without  being  fenfibly  warmed. 

To  generate  heat  therefore  the  a<£lion  of  the  powder  upon  the 
uiiide  of  the  piece  muft  not  only  be  fufficient  to  {Irain  the  metal, 
and  produce  a  motion  in  its  parts,  but  this  tShOt  muft  be  ea« 
tremely  rapid ;  and  the  heat  will  be  much  augmented,  if  the 
exertion  of  the  force  and  the  tlin  jtion  of  its  a<Sticii  arc  momen- 
taneous ;  for  in  that  cafe,  the  hbres  of  the  metal  (if  I  may  ule 
the  exprefTion)  that  are  violently  ftretched,  will  return  with 
their  full  force  and  velocity,  and  the  fwift  vibratory  nation  sod 
attrition  before  defcribed  will  be  produced. 

The  heat  generated  in  a  piece  by  hrnig  is  therefore  as  the 
force  by  which  the  particles  of  the  metal  are  ftraiiied  and  com- 
preiTed,  the  fuddennefs  with  which  this  force  is  exerted,  and  the 
Oiortnefs  of  the  time  of  its  action ;  that  is  to  fay,  s$  the 
firength  of  the  powder  and  the  quantity  of  the  charge,  the 
quicknefs  of  its  inflammation,  and  the  velocity  with  which  the 
generated  fluid  makes  its  efcape. 

*  Vide  suAw's  tranilaUoQ  of  soiiftUAAY£'«  Chcmii^y,  vol.  I.  p.  149. 
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Now  tiie  effort  of  any  given  charge  of  powder  upon  the  gun 
is  very  nearJj  the  fame,  whether  it  be  tired  with  a  buUet  or 
without but  the  velocity  with  which  the  generated  ekftic 
fluid  makes  its  efcape,  19  much  greater  when  the  powder  is 
fired  alone,  thaa  when  it  is  mndc  to  impel  one  or  more  bullets  ; 
the  iieat  ought  thcietore  to  be  greater  in  the  former  cafe  than 
ill  the  latter,  as  I  found  by  experiment. 

But  to  make  this  matter  ilill  plainer,  .we  will  fuppoie  any 
given  quantity  of  powder  to  be  confined  in  a  fpace  that  is  jud 
capable  of  containing  it,  and  that  in  this  fituation  it  is  hv  any 
meaos  fet  on  hre.  L»et  us  luppofc  this  Ipace  to  he  the  chamber 
of  apiece  ©f  ordnance  of  any  kind,  and  that  a  bullet,  or  any 
oifaer  folid  body,  is  fo  iirmly  tixed  in  the  bore  immediately  upon^ 
the  charge,  that  the  whole  effort  of  the  powder  (hall  not  be  able 
to  remove  it.  As  the  powder  goes  on  to  be  inflamed,  and  the 
elaftic  fluid  is  generated,  the  prefTure  upon  the  infide  of  the 
chamber  will  be  increafedy  till  at  length  all  the  pow- 
der being  burnt,  the  ftratn  upon  the  metal  will  be  at  its  • 
gceate(b.height,  and  in  tliis  iituation  things.will  remain,  the 
coheflon  or  elafticity  of  the  particles  <^  metal  counterbalancing , 
the  preflure  of  the  fluid. 

Under  thefe  circumftanccs  very  little  heat  would  be  gene- 
rated ;  for  the.  continued  efibrt  of  the  elaitic  fluid  would  ap^ 
proach  to  the  nature  of  the  prefTure  of  a  weight ;  and  that 
concuflion,^  vibration,  andfriflion,  among  the  particles  of  the 
metal,  which  iti  the  coUifion  of  claftic  bodies  is  the  caufe  of 
the  heat  that  is  produced,  would  fcarcely  take  client. 

But  inflead  of  being  firmly  tixed  in  its  place,  let  the  bullet  ' 
now  be  moveable,  but  let  it  give  way  with  great  difficulty,  and  ' 
by  How  degrees.  In  this  ca(e,  the  elaftic  fluid  will  be  gene*  - 
rated  as  before,  and  wili  exert  its  whole  force  upon  tiic  chamber 

of 
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of  the  pi€C€ ;  «8  the  bullet  gives  way  to  the  prefliirc,  and 
moves  on  in  the  bore,  the  fluid  will  expand  irfelf  and  grow 
weaker,  and  the  particles  of  the  metal  will  gradually  return 
to  ithfik  foriiier.  '^tiiatkmTr.^ilt  the  velocity  with  which  the 
metal- i«9mt  ytSM-hom%his$.  flnall,  the  vibrattoD  that  remains 
ill  thejuetaly  nfbr  t!lie*el80ie  fluid  has  made  its  efcape,  will  he 
very  languid,  as  will  be  the  heat  that  is  generated  by  it. 

But  if,  inilead  of  giving  way  with  fo  much  difficulty,  tlie 
i^ileti8Jaeiuch%hter«  iie^a&lso^fibrd  but  little  refiilance  to  die 
elaftic  fluid  in  making  it^xfinpiB;  or  if  the  powder  is  fifed  with- 
•eot  any  bullet  it  all ;  then;'  ttoe  being  little  or  nothing  toop- 
poic  the  Bcime  in  its  paliiige  through  the  bore,  it  will  cxparrd 
:kfelf  with  an  ama:uag  velocity,  and  its  a<5lion  upon  the  gun 
will  ceafe  alnotifi:  ioi  an  inflant,  the  ilrained  metal  will  reitore 
itfelf  with  a  very  rapid  motion,  and  a  iharp  vibratiaa  wUl 
.enfue,  by  which  the  piece  will  be  much  heated. 

Of  the  tfftd     ramming  the  powder  in  the  chaffer  of  the  p«e» 

r 

The  charge,  confiftlng  of  218  grains  of  powder,  being  put 
•gently  into  the  bore  of  the  piece  in  a  cartridge  of  very  fine 
paper,  without  being  rnmmed,  the  velocity  of  the  bullets  at  a 

mean  of  the  40th,  411!:,  42d,  and  4-th  experiments,  was 
at  the  rate  of  1225  feet  in  a  Iccond,;  but  in  the  68th,  69tli, 
.and  joth.experiment?,  when  the  fame  quantity  of  powder  was 
TamiTied  down  with  hvc  or  (ix  hard  ilrokes  of  the  ram-rod,  the 
mean  velocjjry.  was  1329  feet  in  a  lecond.  Now  the  total  force 
or  preffure  exerted  by  the  charge  lipon  the  bullet  Is  as  the  fquare 

>of  its  velocity^  and  1^29^  is  to  1225^  as  1^1776  is  to  i ;  or 

nearly 
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upon  Gtm'»pov.^der\^i£c,t  ^ 
nearly  as  6  is  to  5  ;  and  iti  that  proportion  was  the  force  of  (be 
given  charge  of  powdct  bCredt^  l^.bifiiag  <iMmcd*v.;^  v  > . 

In  the  7iftexperbieDtiJie-po9rder^wi«,'a|^  rammed^  but  the 
veat»  inftead  of  being  at  the  bottom  of  the  bore»  was  at  1,5, 
and  the  velocity  of  the  fiulltt  wa»  veiycofh^dertbly  diminifhed, 
being  only  at  the  rate  of  jgSo  feet  in  a  iccoikd,  iiiflcadof  1276 
feet  in  a  fecond,  which  was  the  mean  velocity  with  this 
charge,  and  with  the  vent  in  this  fituation  when , the  powder 
was  rammed.    See  tlie  Experiments  '44', '45,TOd 46,  •  q 

When,  inflead  of  J^mihgthd^^CiWder^rpid^ 
together  in  thW  tiote/it  k  put  i£!t^''ar<'Qttce  ki^rii^hantit^ 
capable  of  filling,  the  force thtt  '^barg^  is  thereby  .very  leftp4 
(ibiy  leffened,  as  Mr.  robins  and  others  have  fouati  by  repeated 
trials.    In  my  3orh  experiment  the  charge,  confifting  of  no 
more  than  1 65  grains  of  powder,  was  made  to  ocoipy  3,1 
inches  of  the  bore  inftead  of  1/45  inches,  which  fpace  it  juft 
£lled  when  it  was  gently  pulhed  into  its  place  without  being 
nunm^;  the  confequence  Ws,  the  velobity  of  the  bulkt, 
inftead  of  being  itpo  feetin  a  fecond  or  upWards,  was  only  at 
the  rate  of  014  feet  in  a  fecond,  and  the  recoil  was  ledened  in 
proportion. 

And  from  hence  we  may  draw  this  pra<flical  inference,  that 
the  poKwder,  with  which  a  piece  of  ordnance  or  a  fire*arm  is 
chaig^  ought  alwaifrs  to  be  prefled  together  in  the  bore ;  and 
if  it  i$  rammed  to  a  cer^h  d^ree»  the' velocity  of  the  bullet 
will  be  ftill  farther  increafed.  It  i^  well  known,  that  the  recoil 
of  a  mulket  is  greater  when  its  charge  is  rammed  than  wh^n  if 
is  not ;  and  tliere  cannot  be  a  ftronger  proof  that  ramming 
iucreafes  the  force  of  the  powder,  \*  . 
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JWr,  THOMf  so^'s  JE^periments 

•  •        »  '  *  -  « 

Cy*  /i^^  relation  of  the  vMtles  of  bullets  to  tbt  ekarges  cf  fowdf 

t  .  ky  whtch  they  ate  impelled, 

•  * 

it  appears  by  all  the  experiments  that  have  hitherto  been 
made  upoa  the  initW.  yeldqitics  .of: .  bullets,  that  when  the 
weights  and  dimeofions  of  the  buUet?  are  the  fame,  and  thqr 
are  difcharged  from  the  fame  pidce  by  dUfercnt  quantities  of 
powder,  the  velocities  are  in  the  fub-duplicate  ratio  of  the 
weights  of  the  charges  very  nearly. 

The  followmg  table  will  fljtew  \m  accurately  th^s  law  ob^ 
tabedia,the  foregoing  t^f^it\sit»^. 


Velocities 


Charges.    _  Computed.         A^ual.  .     I>i^KDce.      il^of  d^ 

437 ;      '764      :   1764,       ;  —  3 

,3«<>       yfi^,     '45?  ,      *7  » 

.^90  1436  „  ,  ,  Hl^.    ■  .-       «>  7 

.  '218  1232  ,  ,    1^25  .     .-    7  ♦ 

20S  1216     *  1256         +  40  '  3 

.    .165     .       10S3  1087   +    4        ,  ? 

'  14J  .     *   1018         J040      .  .  +  2 
104  860       .    757  -103  i 

The  computed  velocities,  as  they  are  fet  down  in  this  tabic, 
were  dete;rmined  from  the  ratio  of  the  fquare  root  of  437?  (the 
weight  in  grains  of  the  largeft  charge  of  powder)  to  the 
fl^ean  vejocity  of  the  buU^  with  jthat  charge  aad  .the  vent  at 
o ;  vi%,  1 764  feet  in  a  feoond,  and  the  ^pare  root  of  the  other 
c  li  ui  c  s  exprefled  in  grains.  And  the  aSiual  velocities  are  means 
o^t  ail  experiments  that  wer^jnadc  under  fimilar  ^ircucpflaoces. 
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The  fourth  column  (hews  the  difference  of  tlie  computed  and 
O^al  velocities,  or  the  number  of  feet  in  a  fecond  by  which 
the  adual  velocit3r  esicecdsoir  f^Us  ihort  of  the  computed-:  and 
in  the  fifth  column  i$  fet  dowii  the  number  of  expernhents 
with  ea<:h  charge,  from  the  mean  of  which  the '«6iual  velo* 
city  was  deterniuicd. 

The  agreement  of  the  computed  and  actual  velocities  will 
appear  more  ftriklng*  tf  we  take  the  fum  and  difference  of  thoie 
vebdties  with  all  the  chains  exCe^tthe  firit :  thus. 

Slim  of  the  velocities,  — 1764* 

Computed*  Aiflual.        Difference*     N*  of  exi»»  .  . 

9864         9^54  10        ^ J , 

So  that  it  appears,  that  the  dilTerence,  or  the  adual  vekh 
titjr,  'fmdUer  than  the.  computed  by  part  pnly  at  t 
floean  of  25experimentSv   

But  as  by  hx  the  greater  number  of  the  experiments  wcid 

made  with  the  following  charges,  uiz.  290,  218,  208,  165, 
and  1 45  grains  of  powder,  let  us  take  the  fum  and  difference 
Y>f  the  Gokn^uted  and  a^oiyri^cttiee  tf.  ishofe  chaiges  i  thus»  ^ 

Sum  of  the  velocitict  ..  .... 

Computed.       Aftonl.       DU&reoce*,  ,  N*  of  ex(i. 

5985  ■•  (604+ it  '  ;.  . 

Mcfe  the  agreetnentfjf  the  theory  ^th'ifiedcperiifieiite  b  fo 

very  remarkable,  that  we  mufl  fuppofe  it  was  in  fome  meafure 
acddeatal ;  for  the  difference  of  the  Velbclties  in  repeating  the 
filkne  experim^  is  in  general  'much  grater  than  the  dB9erence 
uf  the  cdiiipik^d  and  adml  Hrdddtidsih  this  iiiftante ;  but,  t 
think,  wd'ti#  kiHy  .toii6fi?de,  fOA  m  ^vlt'df  aU  thefts 

2  O  2  trials, 


2yt  Mr,  setoufsoft's  E^permMti 

trials^  thatthc  velockic3iof  like /;7/£;Zv/  bulletsj  when  they  are 
dil'charged  from  th^  lanic}  piece  by  diiff rent  quaniities.of  the 
fame  kind'  of  powder*  zta  very  nearly  in  the^  £at>*duplicate 
ratio  ttf  .the  weights  of  the  charges.  Whether  this  law  will 
hold  good  when  applied  to  cannon  balls,  and  bomb  fliells  of! 
large  dimenfions,  I  dare  not  at  prefent  take  upon  ma  to  dt:cide;, 
but,  for  feveral  reafons  tliat  might  bfr  t)|entioned»  I  am  rather 
of  opioion,  that  it  will  not;*  at  Ita^,  not  with  t^t.  decree  of: 
accuracy  which,  obtained  in  theie  experiments*. 


Of  ibeeffe&^^ placitigtbcveni  indifmnt  purts  of  thexhargti. 

There  have  been  two  pinions  with  reiped  to  the  manner  iai 
which  gun-powder  takes  fife.   Rfr.  robins  foppofes- tftarthe 

progrefa  of-  its  Inflammation  is  fo  extremely  rapid,  "  that  all 
*'  the  powder  of  tiic  charge  is  fired  and  converted  into  anelaftic 

fluid,  before  the  bullet  is  fenfibly  moved  from:  its  pllGe;**' 
while  others  have  besen  of  epinioo,  that  the  progrels  of  the  hn^ 
flammation*  id  much-  flower,  and  that  the  charge  is  iHdom  o» 
never  completely  inflamed  before  the  bulk  t  is  out  of  t!ie  gun. 

The  large  quantities  of  powder  that,  are  frequently  blown 
out  of  fire  arms  un-inflamed,  feem  to  favour  the  opinioD  of' 
the  advocatips  for  the -gradual  firing ;  but  Mf•.ftOBINS.e&deab^ 
vours  to  account  for  that  circumfbnce  upon  difierent  principles, 
and  fupports  his  0{Mnion  by.  Ihewing  that  every  incrcafe  of  the 
charge  within  the  limits  of  pradice.  produces  a  proportional 
increafeof  the  velocity  of .  the  bullet,  and  that  when  the  pow- 
der is  con^ned  by  .  a.  gt|;;9t  additional  weighty  h}r  firing  two  or 
more  bullets  at  a  time  inilead  of.  one,  the  velodty.  i&.notleofi* 
bl^  greater  than  it  ought  to  be  according  to  iiis  theoiy. 

*  If 
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If  thb  were  a  queftioa  merely  fpeoilative,  it  might  not  be. 
worth  while  to  fpend  much  time  in  the  diicuf^on  of^it ;  .but  as . 

it  is  a  matter  upon  the  knowledge  of  which  depends  the  deter- 
inination  of  many  important  points  refpe6llng  artillery,  and 
from  which  many  ufcful  improvements  may  be- derived,  too. 
much  pains  cannot- he 'taken  to  come  at  the  truth.    Till  the 
manner  in  whioh  powder  take»  fire,  and  the  velocity*  with  which 
the  inflammation  is  propagated,,  are  k^nown,  nothing  can  with 
certainty  be-  determined  with  refped'  to  th&  beft^fbrm  for  the . 
chambers^  of  pieces  of  ordnance,  or  the  moft  advantageous  ^ 
dtuation  for  the  vent ;  nor  can  the  force  of  puwdcr,  or  the  - 
Ihrength  that^is  required  in  dilterent  parts  of  the.  gun,  be  afccr- 
tained  with  any  degree  of  precifion. 

As^  it  Would  be  eafy  to  determine  the  beft  Atuatioa  for  .  the 
¥ent  fromithe  vddcity  of  the  inflammation  of  powder  being 
known,  (b  on  thcother  bund  I  had<'hopefr  of  being  "able  to  come 
at  that  velocity  by  determining  the  efFe6l  of  placing  the 
vent  in  different  parts  of  the  charge ;  for  which  purpofe  tbc^^ 
following  exjieriments were  made.. 


2^4  ^*  THoMF^N*6  Experiments 

table  of  ixperimenti,  Jjcuving  the  efecl  of  placing  the  vejit  a 
different  farts  oj  the  charge^ 
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By  the  foregoing  experiments  it  appears,  firft,  that  the£& 
ference  in  the  force  of  any  given  charge  of  powder  which 
arifes  from  the  particular  iituatiou  of  the  vent  is  extremely 
fmall. 

With  165  grains  of  powder,  and  the  vent  at  the  velocity 
of  the  bullet  at  a  mean  of  two  experiments  (vm,  the  20th 

and  2 1  ft)  was  1087  feet  in  a  fecond;  and  with  the  fame  charge, 

and  the  vent  at  1,32  inches,  the  velocity  at  a  mean  of  the 

azd,  23d,  and  a4th  experia^Qts^  was  1082  feet  ia  a  ibcood} 

•  .  the 
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upon  Gun-fiwder,  ice. 

t|ie  difieicncej  > equal  five  feet  in  a  fecoad»  i^  lefs.dian  whait 
occurred  in  a  repetition  of  the  (ame  experiment 

With  218  grains  of  powder,  aijci  tLe  vent  at  o,  the  velocity 
at  a  mean  in  the  40th,  41ft,  42d,  and  47th  experiments, 
was  at  the  rate  of  1225  iiset  in  a  fecoiid ;  and  with  the  fame 
cb^ge»  and  the  vtnT  at  1,3,  the  veJocily  was  1276  ftet  in  a 
^nd  at  a  meaii  of  four  e3Eperiment5»  vh.  the  43d,  44th9^ 
45th,  and  46th. 

In  the  firft  fet  of  experiments,  with  290  grajns^of  powd^r^ 
the  velocities  were^ 


*  I 


Vent  at  0^  • 

Vent  at  1,3,  '' 

•  1  Vent  at 

1414 

?455 

H50 

;^;-i43> 

^454 

3)4281 

3)4479- 

'4)5839 

\Means  1427*' 

1495 

1460^ 

In  the  fecond  fet  the  velodties  were^ 

•        #     •  •  •  »  > 

1419'        "  '  •  1438' 
-  ■        "*         1460  1423  / 


I'M 


4)5777  3)4^39-,:,, 

Means .'•1444       ■  ■;  - 1413. 


See-tbiB  expeumeatsJfom  N°  i6g.  to  N**  i  if.^nicli^yc;. 

And 
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And  taking  tfie  means  of  all  the. velocities  in  botlifetsin 
each.pofition  of  the  veutit  will  be, 

Vencaco.    .    V«itil-i»|.    '  *Ventu2,6. 

"Mean  vclbcit^r    1436  *493 

TiiB  mean  reeoik  ia  iheie  experloSniU 

,  Vc(ktaM>w  •  •         Vent  at  I,  J,  •         Vent  at  a,6r. . 
22,88  23,34  23,61  • 

'*ln*the  experiraients'with  310  grams -of  powder  the  Velocltks 

<of  the  bullets  were  not  dctermSnccl  witli  lufficicnt  aLXur^cv  to 
be  depended  on-;  but  the  recoils,  whkh  were  mealured  wkh 
.  greac  nicety»  wereas  followiSy  viz*        4. :  ■  • 

-  Vent  at  o.  •'Venrat  1,3.        '  Vent  at 

'  'U'-  24,95  H»9 

'Wkh;^jd-{;rain8  of  .powidw-the  mean  velocities  and^ne«b 
•were^       ^  ^  •.  -  . . 

Vent  at  o.  Vent  at  1,3.         Vent  ar2,6. 

Veiocitie*       1594  .{^       -  ^;624(._..  .    .  UsH. 
-Recoils      '  26,07^  26,4  '  -25,3 

*In  the  experiments  with  437i.grain?^an  ounce  avoifdupois) 
of  powder  the  velocities  and  recoils  weiey 

Veniat  a  .  ' Vent  at  a,6. 

f  ■  I A  MiMii         ^  _      /  '  '  ■■■I 

Velocity,     «  .        Recoil*      *       "    Velocity,  RccoiL 

1738  33,  <i7Q7  32,5 

1824  \  ^  :   \s3fS    ,   .    1757  33»* 

-1728  ,33,6    .  1789  32,9 


Means  1764  33,3  1751  32,866 

Secondly, 
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uf  on  Gun-powdtTy  &cc.  '  zyy 

Secondly,  From  the  relult  of  all  thefe  experiments  it  appeari, 
that  the  ettcct  of  pkcing  the  vent  in  different  politions  with 
refped  to  the  bottom  of  the  chamber  is  ditfereut,  in  different 
charges ;  thus,  with  165  grains  of  powder  the  velocity  of  the 
bullet  was  rather  diminiflied  by  removing  the  vent  from  o,  or 
the  bottom  of  the  bore  to  1,32  ;  but  with  218  grains  of  pow- 
der the  velocity  was  a  little  iiicrealed,  as  was  alio  the  recoil. 
With  290  grains  of  powder  the  velocity  was  grcatefl  when  tlic 
powder  was  lighted  at  the  vent  1,3  which  was  near  the  middle 
of  the  charge,  and  rather  greater  when  it  was  lighted  at  the 
top,  or  immediately  behind  the  bullet,  than  when  it  was 
lighted  at  the  bottom.  And  by  the  recoil  it  would  (eem,  that 
the  velocities  of  the  bullets  varied  nearly  in  the  (ame  manner 
when  the  charge  confifted  of  310  grains  of  powder. 

With  330  grains  of  powder,  both  the  velocity  and  the  recoil 
were  greater  when  the  powder  was  lighted  at  the  middle  of 
the  charge,  than  when  it  was  lighted  at  the  bottom  ;  but  they 
wereleaft  of  all  when  it  was  lighted  near  the  top.  And  when 
^  owice  of  powder  was  made  ufe  of  for  the  charge,  its  force 
was  greateft  when  it  was  lighted  at  the  bottom.  But  the  dif- 
ference  in  the  force  exerted  by  the  powder  which  arofc  from  the 
particular  pofition  of  the  vent  was  lu  .al  calcs  lo  inconlic:  i  nhle 
(being,  as  1  have  before  obllrved,  lefs  than  what  frequently 
occurred  in  repeating  the  fame  experiment)  tliat  no  conclufion 
can  be  drawn  from  the  experiments,  except  only  this,  that  any 
given  charge  of  powder  exerts  nearly  the  fame  force,  whatever 
is  the  podtion  of  the  vent. 

And  hence  the  following  praifttcal  Inference  naturally  occurs, 
viz.  tluit  in  the  formation  of  tire-nrms  no  re^^ard  need  l-e  had  to 
any  fuppofed  advantage<J  that  guii-fr.iiths  and  otl  cis  have  hi- 
therto imagined  were  to  be  derived  from  particular  fituations  for 
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the  vent,  fuch  as  dimlnlftiing  the  recoil,  Increafing  the  force 
of  the  charge,  &c. ;  but  the  vent  may  be  iadifferently  in  any 
part.of  the  chamber  where  it  will  beft  aiifwer  upon  other  ac- 
counts ;  and  there  is  little  doubt  but  the  fame  thing  will  hold 
good  ill  great  guns,  and  all  kinds  of  heavy  artillery. 

Almoft  everv  workman  who  is  at  all  curious  in  fire-arras  has  a 
particular  fancy  v\  ith  regard  to  the  beft  form  for  the  bottom  of 
the  chamber,  and  the  proper  pofition  of  the  vent.  They  in 
general  agree,  that  the  vent  (hould  be  as  low  or  far  back  as 
polFible,  hi  order,  as  they  pretend,  to  leflen  the  recoil ;  but  no 
two  of  them  make  it  exactly  in  the  fame  manner.  Some  make 
the  bottom  of  the  chamber  flat,  and  bring  the  vent  out  even 
with  the  end  of  the  breech-pIn.  Others  make  the  ventDandog 
through  the  breech^pin,  in  fuch  a  manner  as  to  enter  the  bore 
juft  in  its  axis.  Others  again  make  the  bottom  of  the  chamber 
conical ;  and  there  are  tholb  who  make  a  little  cyliiidric  cavity 
in  the  breech-pin,  of  about  two- tenths  of  an  inch  in  diameter, 
and  near  half  an  inch  in  length,  coinciding  with  the  axis  of 
the  bore,  and  brmg  out  the  vent  even  with  the  bottom  of  dus 
little  cavity. 

The  objecftion  to  the  full  method  is,  the  vent  is  apt  to  be 
flopped  up  by  the  foul  matter  that  adheres  to  the  piece  after 
firing,  and  which  is  apt  to  accumulate,  efpecially  in  damp  wea- 
ther. The  fame  inconvenience  in  a  ftill  greater  .d^;ree  attends 
the  other  methods,  with  the  addition  of  another,  ariiing  from 
the  increaled  Icngtii  of  the  vent ;  for  the  vent  being  longer  it 
is  not  only  more  liable  to  be  obftrlidted,  but  it  takes  a  longer 
time  for  the  flame  to  pafs  through  it  into  the  chamber,  m  con- 
(e(^uence  of  which  the  piece  is  (lower  in  gdng  oflf,  or,  ai 
iportfmen  term  it,  is  apt  to  hang  fire* 

2         •  The 
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The  form  I  would  recommend  for  the  bottom  of  the  bore  is 
that  of  a  hemifphere ;  and  the  vent  ihould  be  brought  out  di- 
re^Uy  through  the  iide  of  the  barrel,  in  a  libe  perpendicular  to 
its  axis,  and  pointing  to  the  center  of  the  hcmifpheric  concavity 

of  the  chamber. 

In  this  cafe  the  vent  would  be  the  fhortefi  pofiible  ;  it  would 
be  the  leail  liable  to  be  obflruf^ed,  and  the  piece  would  be  more 
cafily  cleaned,  than  if  the  bottom  of  the  bore  was  of  any 
other  form.  AU  thefe  advantages,  and  (everal  others  not  lefs 
important,  would  be  gained  by  making  the  bottom  of  the  bore 
and  vent  of  great  guns  m  the  fame  manner. 

A  new  method  of  determining  the  velocities  of  bullets. 

From  the  equality  of  aBion  and  re-a&ion  it  appears,  that  the 
momentum  of  a  gun  muft  be  precifely  equal  to  the  momentum 

of  its  eli;irge;  or  that  the  weight  of  the  gun,  multiplied  into 
the  velocity  of  its  recoil,  is  juft  equal  to  the  weight  of  the  bul- 
let and  of  the  powder  (or  the  elaftic  fluid  that  is  generated  from 
it)  multiplied  into  their  refpedtive  velocities ;  for  every  particle 
of  matter,  whether  folid  or  fluid,  that  iffues  out  of  the  mdudi 
of  a  piece,  muft  be  impelled  by  the  action  of  fome  power, 
which  power  muft  re^oR  with  equal  force  ag^nft  the  bottom  of 
the  bore. 

Even  the  fine  invifible  elaftlc  fluid  that  is  gcuei  atcd  from  the 
powder  ill  its  inflammation  cannot  put  itfcif  in  motion  without 
rc-a(fting  againft  the  gun  at  the  fame  time.  Thus  we  fee  pieces, 
when  they  arc  fired  with  powder  alone,  recoil  as  well  as  when 
their  charges  are  made  to  impel  a  weight  of  ihot,  though  the 
recoil  is  not  in  the  fame  degree  in  both  cales. 

a  P  2  It 
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It  is  eafy  to  determine  the  velocity  of  the  reccil  in  any  givm 

cafe,  by  lufpending  the  gun  in  an  horizontal  pofition  by  two 
pendulous  rods,  nnd  mealiinng  the  arc  of  its  nfcciit,  by  mcnns 
of  a  ribbon  according  to  the  method  already  defcribed,  and  this 
will  give  the  momentum  of  the  gon,  its  weight  being  known, 
and  coniequently  the  momentum  of  \t%  charge.  But  in  order 
to  determine  the  velocity  of  the  bullet  from  the  recoil,  it  will 
be  nectflary  to  find  out  how  much  the  vvciglit  aud  velocity  of 
the  claiUc  fluid  contributes  to  ir. 

•   That  part  of  the  recoil  which  arifes  from  the  expanfion  of 
<  this  fluid  is  always  very  nearly  the  fame,  Avhether  the  powder  is 
iired  alone,  or  whether  the  charge  is  made  to  impel  one  or  more 

Lulkts,  as  I  have  found  by  a  great  variety  of  expenmcnts. 

If  therefore  a  gun,  fufpended  according  to  the  method  pre- 
icribed,  is  fired  with  any  given  charge  of  powder,  but  without 
any  bullet  or  wad,  and  the  recoil  is  obierved,  and  if  the  fame 
piece  is  afterwards  fired  with  the  fame  quantity  of  powder,  and 
a  bullet  of  a  known  weight,  the  excefs  of  the  velocity  of  the 
■  recoil  ifi  the  latter  cafe,  over  that  in  the  former,  will  be  pro- 
portional to  the  velocity  of  the  bullet ;  for  the  difference  of 
thefe  velocities,  multiplied  into  the  weight  of  the  gun,  will  be 
e^ual  to  the  weight  of  the  bullet  multiplied  into  its  velocity. 
Thus  if  W  is  put  equal  to  the  weight  of  the  gun, 

U  =  the  velocity  of  its  recoil,  when  it  is  hrcd  wirii 
any  given  charge  of  powder,  without  any  bullet, 

V  =  the  velocity  of  the  recoil,  when  the  fame 
charge  is  made  to  impel  a  bullet, 

B  =  the  weight  of  thebuUet,  and 

V  =  its  velocity, 

I  Let 
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Let  us  fee  how  this  method  of  determining  the  velocities  of 
bullets  will  anfwer  in  praclice. 

In  the  94th  experiment  the  recoU^  with  165  grains  of  pow- 
der, without  a  bullet,  was  5,5  inches,  and  in  the  95th  expert* 
iiient,  with  the  ftme  charge,  the  recoil  was  5,6  inches.  The 
mean  is  5,55  inches  ;  and  the  length  of  the  rods  by  which  the 
barrel  was  lul'pended  being  64  inches,  the  velocity  of  the  recoil 
(=  U)  anfwering  to  5,55  inches  meafured  upon  the  ribbon,  is 
that  of  1,1358  feet  in  a  fecond. 

In  five  experiments,'  with  the  (ame  charge  of  powder,  and  a. 
bullet  weighing  580  grains,  the  recoil  was  as  follows,  viz.^ 

The  20th  experiment  14,73 

2lft        -  14,2 

22d      •  14,8 

23a  -  14,58 
24th         -  14,68 

5)73,     (  =  1 4,6  inches  at  a  mean. . 

And  the  velocity  of  the  recoil  (=:  \)  aniwering  to  the  length 
1%  tliat  of  2,9880  feet  in  a  f.^rond  :  confequently  V  — U,  or 
2,9880-  I9X358  is  equal  to  1,8522  feet  in  a  fecond. 
But  as  the  velocities  of  recoil  are  known  to  be  as  the  chords 

of  the  arcs  through  which  the  barrel  afcfends,  it  is  not  neceflary 
in  order  to  deterniliic  the  velocity  of  the  bullet  to  compute  the 

velocities  V  and  U ;  but  the  quantity  V  -  U,  or  the  difierence 
of  the  velocities-  of  the  recoil  when  the  ghren  charge  is  fired 
with  and  without  a  bullet,  may  be  computed  from  the  value 

of  the  difference  of  the  chords,  by  one  operaiion.  Thus  the 
velocity  anfwering  to  the  chord  9,05  is  that  of  1,8522  feet  in 

a  Second,  which  is  jufl  equal  to  V-U,  as  was  before  found. 

The 
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The  weight  of  the  barrel^  together  with  its  carriage,  was 
4^1  pounds*  to  which  three  quarters  of  a  pound  is  to  be  added 
on  account  of  the  weight  of  the  rods  by  which  it  was  M* 
pended,  which  makes  W  =  48  pounds,  or  336,000  grains^ 

and  the  weight  of  the  bullet  was  5S0  grains.  B  is  therefore 
to  W  as  580  is  to  336,000,  that  is,  as  i  is  to  579,31  very 

nearly;  and  v  (  =  ^-=^212?  is  equal  to  V-Ux  579,31. 

The  value  of  V  -  U  aniwenng  to  the  experiments  before 

mentioned  was  found  to  be  1,8522  ;  confequently  the  velocity 
of  the  bullets  (=  'y)  was  1,8522  y  579^3^  —  ^^73  ^^^^  ^  ^' 
cond,  which  is  extremely  near  1083  feet  in  a  fecund,  thcmeaa 
of  the  velocities,  as  they  were  determined  by  the  pendujum. 

But  the  computation  for  determining  the  velocity  of  a  bullet 
upon  thefe  principles  may  be  rendered  fHll  more  (imple  and  eafy 
in  pradlcc  ;  for  the  velocities  of  the  recoil  being  as  the  chords 
meafured  upon  the  ribbon,  if 

c  is  put  equal  to  the  chord  of  the  recoil  expreffed  ia 

Englifh  inches,  when  the  piece  is  fired  with  powder 

only,  and 

C  =  tlie  cliord  when  a  bullet  is  difcharj;ed  by  the  {kmc 
charge, 

then  C - c  will  be  as  V - U ;  and  confequently  as  ^"^^-^ 

which  meafures  the  velocity  of  the  buUet,  the  ratio  of  Wito  6 
Mmaintngthe  fame* 

If  therefore  we  fuppofe  a  cafe  in  which  C  -  c  is  eqiyal  to  one 

inch,  and  tiic  velocity  of  the  Imllet  is  computed  from  that 
chord,  the  velocity  in  any  other  cafe,  wherein  C  -  c  is  greater 
or  lefs  than  one  inch,  will  be  found  by  multiplying  the  dif- 
ference of  the  chords  C  and  c  by  the  velocity  that  anfwers  to. a 
difieience  of  one  inch. 

The 
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The  ieogth  of  the  parallel  rods  by  which  the  barrel  was  fuf^ 
pended  being  64  inches,  the  velocity  of  the  recoilaniwering  to 
C  -  =  I  inch  meafured  upon  the  ribbon  is  0,204655  parts  of  a 
foot  ill  a  lecond ;  aiicl  this  Is  alio,  in  this  caic  the  value  of 
V  -  U ;  the  velocity  of  the  bullet  is  therefore  v  —  0,204655  x 

579»3*  ~  '  jS>35  ^  fecond. 

Confequently  the  velocity  of  the  bullet  cxprefled  in  feet  per 
Iccopd  may  in  all  cafes  be  found  by  multiplying  the  difference 
of  the  chords  C,  and  <r,  by  1 18^35,  the  weight  of  the  barrel,  the 
length  of  the  rods  by  which  it  is  fufpended,  and  the  weight  of 
the  bullet  remaining  the  fan^,  and  this  wluitcvcr  thjcluii  ot  ot 
pov/der  may  be  that  is  made  ufc  of,  and  however  it  may  diticr 
in  {Irength  or  goodnefs. 

According  to  this  rule  the  velocities  of  the  bullets  in  the  fol- 
lowing experiments  have  been  computed  from  the  recoil ;  and 
by  comparing  them  with  the  velocities  ihewn  by  the  pendulum,, 
we  (hall  be  enabled  to  judge  of  the  accuraqr  of  this  new  me- 
thod of  determining  the  velocities  of  bullets. 

In  the  76th  and  y/th  cxpcnments,  when  the  piece  was  fired 
with  145  grains  of  powder  and  a  bullet,  the  recoil  was  13,25 
and  13,15,  or  13,2  at  a  mean ;  and  with  the  lame  charge  of. 
powder,  without  a  bullet,  the  recoil  was  4,5  and  4,3,  or  4,4. 
at  a  mean  ((ee  the  84th  and  93d  experiments).    C^c  is; 
therefore  13,2  -4,4  =  8,8  inches,  and  the  velocity  of  the  bul- 
lets =8,8  x  118,35=  1045  ^      *  fecond.   The  mean  of 
the  velocities  as  tlicy  were  determined  by  the  pct.uulum  ib  ta.it 
of  1040  feet  in  a  fecond.    In  the  104th  and  105th  experiments- 
the  recoil  was  12.92  and  13,28,  and  the  velocity  computed 
from  the  mean  of  thofe  chords  is  1030  feet  in  a-  fecond ;.  but 
the  velocity  ihewn  by  the  pendulum  was  no  more  than  about* 
900  feet  in  a  fecond.   As  the  recoil  was  fb  nearly  equal  to* 

what. 
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what  it  was  in  the  7^/th  and  77th  experiments  b.^forc  mcntionJ, 
wheu  the  velocities  Ihewn  by  the  recoil  and  by  the  pendulum 
Were  almoft  exadlty  the  fame,  I  am  inclined  to  believe,  that 
there  muft  have  been  fbme  miftake  in  determining  the  velo- 
cities hy  the  pendulum  in  thefe  laft  experiments,  and  that  the 
velocity  fhewn  by  the  recoil  is  moO:  to  be  depended  on. 

With  29D  grains,  or  halt  the  weight  of  the  bullet  in  pow- 
der, in  the  4bth»  49th,  and  50th  experiments,  the  recoil  was 
22,58^  22,92,  and  22,38 ;  and  the  recoil,  with  the  fame  charge 
of  powder,  without  a  bullet,  at  a  mean  of  the  6oth  and 
9ytli  expci iiiiciito,  was  10,66.  ♦I'iic  liicaii  ot  the  velocities 
of  the  bullets,  computed  from  the  recoil,  is  therefoie  1416 
feet  in  a  fecond,  and  the  velocity  (hewn  by  the  pendulum  was 
1427  feet  in  a  fecond :  the  ditference  is  not  confiderabte.  The 
mean  of  the  velocities  in  the  109th,  fioth,  iiith,  and 
1 1 2th  experiments  is  by  the  recoil  1 464,  and  by  the  pendu- 
lum 1 444  Fl  ct  in  a  fecond. 

With  330  grains  of  powder  the  velocities  of  the  bullets 
appear  to  have  been  as  follows,  v/'x. 

Vent  at  o.      Vent  at  ft,3.      Vent  at  a^ 
By  the  recoil  1543  1620  x6xo 

By  the  pcnduliim        '594  1625  1528 

See  the  62d,  63d,  64th,  65th,  66th,  67th,  and  iTlh 
experiments. 

The  uniformity  of  the  recoil  was  in  all  cafes  very  remaikabk. 

Thus,  in  the  firft  fet  of  experiments  with  n^o  grains  of  pow- 
der (from  the  48th  to  the  57th  experiment  inciuiive),  the  recoil 
was» 


Vent 
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Vent  at  o.  Vent  at  1,3.  Vent  at  2,6. 

22,58  2j,2l  25t06 

22,93  23,76  23,26 

22,38  23,06  2^,26 

    ^3>56 

3)^7*88  3)7o»03  4)93>'4 

Means  =  22,626  ^3*H3  23,285 


If  now  we  take  a  mean  of  the  6Qth  and  99th  experi- 
ments, and  call  the  recoil,  without  a  bullet,  10,66  ai^beiorei 
the  velocities  will  turn  put,  ^ 

Ventato.  Vent  at  1,3.  Vent  at  2,6. 
By  the  recoil       -  -  1416       1501  1494 

And  by  the  pendulum  they  were    1427       '493  ^494 

The  dii&retice  is  only         •       -ti       +8  +34 

The  recoil  was  equally  regular  in  the  1 17th  and  five  fuc* 
ceeding  experiments,  when  thech^tg^|^wa8nb  ldrsthjui  437i  grs. 
=  1  ounce  avoirdupois  in  powdeit;  i&d  the^  velocities  of  th6 

bullets  determined  from  the  recoil  are  very  nearly  the  fame  as 
they  were  fhewn  by  the  pendulum.  Thus,  in  the  ir7th,ii 
1 1 8th,  and  119th  experiments  the  mean  recoil  was  33,3; 
and  in  the  120th,  I2i{l  and  i22d  experiments  it  wtis 
32,866.  And  if  the  recoil  without  a  bullet  is  called  17,9,  as 
it  was  determined  by  the  123d  experiment,  which  was  madb 
immediately  after  the  experiments  before  mentioned^  then  will 
the  velodties  be, 

ft 
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Vent  at  0.       Vent  at  2,6 

By  tbe  recoil         -         -       1822         1771  , 

And  by  the  pendulum  they  were    1764  1 75 1 

The  diflereiice  is  only  -  +58  and   +  ao  feet 

in  a  (econd,  which  is  kfs  than  what  frequently  occurs  in  re- 
peating the  Luiio  experiment. 

In  the  iith,  12th,  ijth,  and  14th  experiments,  when  the 
piece  was  fired  with  310  grains  of  powder  and  a  bullet,  the 
recoil  was  24,69»  24,95,  =^4»9»  and  24,9 :  and  in  the  15th, 
l6th^  tdth,  and  19th  experinientss  with  350  grains  of  pow- 
der, tlie  recoil  was  26,2,  26,2,  26,3,  and  36,4.  The  regu- 
larity of  tiiefe  numbers  is  very  {Iriking ;  and  thouj^h  we 
cannot  compare  the  velocities  of  the  bullets  determined  by  the 
two  methods  as  we  have  done  in  other  cales  (as  there  are  rea- 
sons to  betievo,  that  the  velocities,  as  they  are  fet  down  mtfae 
tables,  are  not  much  to  be  depended  on,  and  as  the  recoil,  widi 
the  given  charge  of  310  grains  of  powder  without  a  bullet,  is 
not  known)  yet  the  regularity  of  the  recoil  in  thefe  experi- 
ments afibrds  good  grounds  to  conclude,  that  tbe  method  of 
determining  the  velodties  of  bullets  founded  upon  it  muft  be 
very  accurate. 

But  of  all  the  experiments  thofe  numbered  from  84  to  92 
inclufive  afford  the  ilrongefl:  proof  of  the  accuracy  of  this  me* 
tbod.  In  thofe  every  poilible  precautbn  viras  taken  to  pievest 
errors  ariiing  from  adventitious  circumftances,  and  the  wd^ls 
of  the  bullets  and  their  velocities  were  lb  various,  that  the  uni* 
form  agreement  of  the  two  methods  of  determining  the  velo- 
cities in  thofe  trials  amounts  almoft  to  a  demon ftration  of  the 
truth  of  theppnciples  upon  which  this  new  method  is  founded. 

Br 
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By  the  following  table  the  rcfult  of  thefe  experiments  ma/ 
be  feea  at  one  view. 
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Velocity  of  the 
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9* 
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P 
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bullets. 

The  barrel 
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By  the  " 
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c 
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W 
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3733.3 
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2109 
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1430 
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11*03 

ia88 

113^ 

+15* 
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600 

ia40 
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+  u 

89th 
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ia34 
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283,78 
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978 

-  39 

91ft 

«7S4 

a7,i8 

893 

9t6 

-  ai 

a3S2 

141,86 

32,«S 

812 

833 

—  21 

The  charge  of  powder  coniiiied  of  145  graias  in.  weight  ta 
c^ch  experiment. 

Id  order  to  (hew«  in  a  more  i^riking  manner,  the  refuit  of 
theie  experiments^  and  the  companion  of  the  two  methods  of 

afcertaining  the  velocities  of  buJIets,  I  have  drawn  the  fig.  16. 
where  the  numbers  that  are  marked  upon  thcline  AB  arc  taken 
from  A  towards  B,  in  proportion  to  the  weights  of  the  bullets ; 
while  the  lines  drawn  from  thoie  numbers  perpendicular  from 
AB  (as  tcr,  for  inflance,  at  the  number  2552)  and  ending  at 
the  curve  r,  exprefs  their  velocities,  as  (hewn  by  the  pendu- 
lum. The  coiitiniiatioii  of  thofe  lines  on  the  oppofite  fide  of 
the  line  AB  ihew  the  recoil,  and  alio  the  velocities  of  the  bul« 
Jets  as  determined  from  it ;  thus         and  the  (dotted)  lines 

a  Qji  parallel 
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parallel  to  it,  which  end  at  the  line  ^,  yi  exprefs  the  recoil; 
aiid  the  portion  of  each  of  thofe  lines  that  is  comprehended  be* 
tween  the  line  AB  and.  the  curve  xv,  n  (as  «)  is  as  the  velo- 
city of  the  bullet  in  the  ieveral  experiments.  The  line  A, 
denotes  the  weight  of  the  charge  of  powder;  and  the  line 
A,  w,  the  velocity  with  which  the  elafhc  fluid  eibapes  out  of 
the  piece,  when  the  powder  is  fired  without  any  buUet. 

Upon  an  infpe^ion  of  this  figure,  as  well  as  from  an  exami- 
nation of  the  foregoing  table,  it  appears,  that  the  velocities 
determined  by  the  two  methods  agree  with  great  nicety  in  all 
the  experiments  after  the  Sytli;  but  in  the  87th  experiment, 
and  alfo  in  the  86th,  but  particularly  in  the  Sfth*  the  dif- 
ference in  the  refult  of  theie  diffinient  methods  is  very  ooofi- 
derable  t  and  it  is  remarkable,  that  in  thofe  experiments  where 
theydllagrce  moll,  the  velocities  of  tlic  bullets,  as  dctemVmcd 
by  the  pendulum,  are  extremely  irregular;  while,  on  the  other 
hand,  the  gradual  increaie  of  the  recoil  as  the  bullets  were 
heavier,  and  the  great  regularity  of  the  correipondiiig  veldd- 
tieSy  af&rd  good  grounds  to  conclude,  that  this  difagreomnt  is 
not  owing  to  any  inaccuracy  in  the  new  method  of  afcertaining 
the  velocities,  but  to  iome  other  caufe  that  remains  to  be  ia- 
velligated. 

But  before  we  proceed  in  this  inquiiy,  let  us  feparate  the  £ve 
laft  experiments  in  the  foregoing  table ;  and,  fununing  up  the 
velocities  determined  by  the  two  niLthods,  rhali  icc  by  tbcir 
difference  how  thofe  methods  agreed  upon  the  whole,  in  this 
ii^ilance. 
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Experiment,      Weight  of         By  ihc  Bv  the  Difference, 

the  bullcti.         recoil.  pcnJulum. 

(>IS. 

88th           600  1240  1229  +ri 

89th            603  1224  1229  —  5 

90th          1184  1017  4-39 

91ft           1754  893  916  -23 

92d           3352  812  833  -21 

Sums  and  dltF.  of  the  velocities  5186         5185  i 

Here  the  diflerence  iti  the  refult  of  the  two  methods  doesuot 
amount  to  -yA-cth  part  of  the  whole  velocity ;  but  I  lay  no 

ftrels  upon  this  extraordinary  argument.  1  am  lenfible  that  it 
muft  in  feme  degree  have  been  accld-^atal ;  but  as  the  dirrlrencc 
in  the  velocities,  conaputed  by  thefe  diiiereat  methods,  was  in 
no  Inflance  confiderable,  not  being  in  any  cafe  fo  great  as  what 
frequently  occurred  in  the  moft  careful  repetition  of  the  fame 
experimeut,  and  as  the  velocities,  as  determined  by  the  recoU> 
were  much  more  regular  than  tboie  (hewn  by  the  pendulum,  as 
appears  by  comparing  the  curves  ff,  /,  and  w,  »,  (fig.  16.) 
with  the  crooked  hue  c,  d,  I  thiiik  we  may  f.iirly  conclude, 
that  this  new  method  may  with  fafety  be  relied  on  in  pra*Slice. 

The  greateft  difference  in  die  velocities,  as  afcertalned  by  the 
two  methods,  appears,  in  the  inftance  of  the  85th  experiment, 
where  the  velocity  determined  from  the  recoil  exceeds  that 
Ihewn  by  the  pendulum  by  346  feet  in  a  iecond,  the  former  ve« 
locity  being  that  of  2109  feet  in  a  fecond,  the  latter  only  1763 
feet  in  a  Iccond  ;  and  in  tlie  two  lucccedlng  cxperitnents,  the 
velocities  fhewn  by  the  pendulum  are  iikcwife  deficient,  though 
not  in  fo  great  a  degree. 

This 
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Tills  apparent  deficiency  remains  now  to  be  Accounted  for ; 

and,  f  rft:,  it  camiot  be  fuppol'ed,  that  It  arofe  from  any  impcr» 
fedion  in  Mr.  robins's  method  of  deternniinng  the  velocities  of 
bullets ;  for  that  method  is  founded  upon  fuch  principles  as  leave 
no  room  to  doubt  of  its  accuracy ;  and  the  pra^ical  errors  tbat 
occur  in  making  the  experiments,  and  which  cannot  be  intiidjr 
prevented,  or  exa£tly  compenfatcd,  are  in  general  lo  ftnall,  that 
the  diii'erencc  of  the  velocities  in  queftimi  cannot  be  attributed 
to  thi^m.  It  is  true,  the  efie£t  of  thofe  errors  is  more  likely 
to, appear  in  experiments  made  under  fuch  circumftancesas 
thofe  Under  which  the  experiments  we  are  now  (peaking  of 
were  made,  than  in  any  other  cafe ;  for  the  bullets  being  very 
light,  the  arc  of  the  afcent  of  the  pendulum  was  but  fmall, 
and  a  fmall  miAake  in  meafuring  the  chord  Upon  the  ribbon 
would  have  produced  a  veiy  confiderable  error  in  computing  the 
velocity  of  the  bullet :  thus,  a  difierence  of  one  tenth  of  an 
inch,  more  or  lefs,  upon  the  ribbon  in  the  85th  experiment, 
would  have  made  a  difference  m  the  velocity  of  more  than  no 
feet  in  a  iccond.  But  independent  of  the  pains  that  were 
taken  to  prevent  miilakes,  the  ilriktng  agreement  of  tbsve* 
locities  determined  by  the  two  methods  m  the  experiments 
which  immediately  follow,  asalfo  in  all  other  cafes  where  they 
could  be  compared,  affords  abundant  reafon  to  conclude,  that 
the  errors  arifmg  from  thoie  caufes  were  in  no  iuilaoce  very 
confiderable. 

But  if  both  methods  of  afcertaintng  the  velocities  of  bullets 

are  to  be  relied  on,  then  the  difference  of  the  velocities,  as  de- 
termined by  them  in  thefe  experiments,  can  only  be  accounted 
for  by  fuppoiing  that  it  arofe  from  their  having  been  dimini(hed 
by  the  reliflauce  of  the  air  in  the  paflage  of  the  bullets  from 
the  mouth  of  the  piece  to  the  pendulum  1  and  this  (ufpidon 

will 
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will  be  much  ftrengthened  when  we  coniider  how  great  the 
refiftance  is  that  the  air  oppoies  to  bodies  that  move  very  fwiftfy 

in  it,  and  that  the  bullets  in  thefc  experiments  were  not  oiiiy 
projected  with  great  velocities,  but  were  alio  very  light,  and 
coniequently  more  liable  to  be  retarded  by  the  reiiilance  on  that 
account. 

To  put  the  matter  beyond  all  doubt,  let  us  lee  what  the  re- 

fiftiincc  was  that  thelc  ImiUlU  met  v.ith,  and  how  much  rhcir 
velocities  were  diminilhed  by  it.  The  weight  of  the  bullet  (in 
the  85th  experiment)  was  90  grains  ;  its  diameter  was-o,78  of 
an  inch,  and  it  was  projedled  with  a  velocity  of  2109  feet  in  a 
feoDod. 

If  now  a  computation  be  nvu^c  according  to  the  metluxi  laid  • 
down  by  Sir  isaac  newton  for  comprciicd  flul 's,  it  will  be 
found,  that  the  refinance  to  tliis  bullet  was  not  leis  than  8| 
Iba*  avoirdupois,  which  is  fomething  more  than  660  times  its 
weight.  But  Mr.  robins  has  ihewn,  by  experiment,  that 
the  refijftance  of  the  air  to  bodies  moving  in  it  with  very  great 
velocity  is  near  three  times  greater  than  Sir  isaac  has 
determined  It,  and  as  the  velocity  with  wliich  this  bullet  was 
impelled  is  confiderably  greater  than  any  in  Mr.  ROBiNa's  expe* 
riments,  it  is  highly  probable,  that  the  reliftance  in  this  in* 
fiance  was  at  leaft  2000  times  greater  than  the  weight  of  the 
bullet. 

The  diftance  from  the  mouth  of  the  piece  to  the  pendulum, 
as  we  have  beibre  obiisrvcd,  was  1 2  feet ;  but,  as  there  is  rea- 
^n  to  think,  that  the  blaft  of  the  powder,  which  always  fol- 
lows the  bullet,  continues  to  a£l  upon  it  for  fomft  fcnfible  fpacie 

of  time  after  it  is  out  of  the  bore,  and  by  urging  it  on  coun- 
ter-balances, or  at  leail  counter-ads  in  a  great  meafure  tlie 
lefiilance  of  the  air^  we  will  fuppoie,  that  the  reHAance  does 
1  not 
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not  begin ,  or  rather  that  the  motion  of  the  bultet  does  not 

begin  to  he  rctnidctl,  till  it  has  got  to  the  diftancc  of  two  feet 
from  the  muzzle.  The  diftaiicc,  therefore,  between  the  baridi 
and  the  pendulum,  imlead  of  iz  £eet,  is  to  be  edimated  at  to 
feet ;  and  as  the  bullet  took  up  about  part  of  a  ieoond  in 
running  over  that  fpace,  it  muft  in  that  time  have  loft  a  veto* 
city  of  about  335  feet  in  a  fccond,  as  will  appear  upon  making 
the  computation,  and  this  will  very  exactly  account  for  the 
.apparent  diminution  of  the  velocity  in  the  experiment ;  for  the 
ditierence  of  the  velocities,  as  determined  by  the  recoil  and  by 
the  pendulum,  =2109-1763  =  346  feet  in  a  (econd,  is  ci- 
tromely  near  335  feet  in  a  Iccoiid,  the  dimmutiun  uf  the  velo- 
city by  the  refdlancc  as  here  determined. 

If  the  d'uziinution  of  the  velocities  of  the  bullets  io  the  two 
fubfeqnent  experiments  be  computed  in  like  manner,  it  ynll 
turn  out  in  the  fi'6th  experiment  =  65  feet  in  a  iecond,  and  in 
the  87th  experiment  =  33  feet  in  a  lecond  ;  and  making  thefc 
correcftions,  the  comparifoti  of  the  two  methods  of  afccrtaimng 
the  velocities  williiand  thus : 


by  the  re(iilance  of  the  air, 

Velocity  by  the  recoil. 

The  diiference  = 

So  that  it  appear^,  notwithftanding  thefe  correAioiis,  that 
the  velocities  in  the  86th  and  87th  experiments,  and  partioh 
larly  in  the  laft,  as  th^  were  detecmined  by  the  pendulum,  aie 
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ftill  conilderably  deficient.   But  t!ie  mniiifdl  irregularity  of  the 
velocities  in  thofe  inftances  attbrds  abundant  reaiba  to  conclude, 
that  it  muft  have  arilen  from  fome  extraordinaiy  accidental 
catiie,  and  therefore,  that  little  dependance  is  to  be  put  upon 
the  refult  of  thofc  experiments.    I  cannot  take  upon  me  to 
determine  politlvely  what  tiie  caufe  was  which  produced  this 
irregularity;  but  I  flrongly  fufpcdV,  that  it  arofe  from  the 
breaking  of  the  bullets  in  the  barrel  by  the  force  of  the  expio- 
iion :  for  thefe  bullets,  as  has  already  been  mentioned,  were 
turmed  of  lead,  inciofuig  leflcr  bullets  uf  plafter  of  Paris; 
and  I  well  remember  to  have  obferved  at  the  time  feveral  fmali 
fiagoieiits  of  the  plader  which  had  fallen  down  by  the  fide  of 
the  pendulum.   I  confefs,  I  did  not  then  pay  much  at-tention  to 
thisdrcumftance,  as  I  naturally  concluded,  that  it  arofe  from 
the  biLjkmg  of  the  bullet  in  penetrating  the  target  uf  the  pen- 
dulum, and  that  the  fmall  pieces  of  plafter  I  faw  upon  the 
ground  had  fallen  out  of  tli^^  hole  by  which  the  bullet  entered. 
But  if  the  bullets  were  not  abfolutely  broken  in  pieces  in  firing« 
yet,  if  they  were  confiderably  bruiied,  and  the  plafler  or  a  part 
of  it  were  feparatcd  from  the  lead,  fuch  a  change  in  their  form 
might  produce  a  great  incrtafc  ol  the  refiflancc,  and  even  their 
initial  velocities  might  be  affected  by  it,  for  their  form  being 
changed  from  that  of  a  globe  to  fome  other  figure^  they  miglit 
not  fit  the  bore,  and  a  part  of  the  force  of  the  charge  might* 
be  loft  by  the  windage. 

That  this  aftually  happened  in  the  87th  experiment  feems 
very  probable,  as  the  velocity  with  which  the  bullet  was  pro- 
jedled,  as  it  was  determined  by  the  recoil,  is  confiderably  lefs  • 
in  proportion  in  that  experiment  than  in  either  of  thofe  that, 
precede  it  in  tliat  fet,  or  in  thofe  which  follow  it,  as  will  ap- 
VoL.  LXXI.  R  r  pear 
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ptar  upon  infpeding  the  curvature  of  the  line  «,  fig.  16.. 
But  1  forbear  to  iutht  furthcriipon  this  matter. 

As  I  have  made  an- allowance  for  the  relUtance  of  the  airio 
tliefe experiments,  it  may  be  expected  thati  ihould  do  it; in  all 
other  cafes;  but,  ^  thltik,  it  will  appear  upon- enquiiy,  that 
tlic  diminurioii  of  the  velocities  of  the  bullets  otv  that  account 
was  ill  general  fo  inconliderable  that  it  might  fafely  be  iieg- 
letled  :  thus,  for  inftance,  m*  die  experiments  with  an  ounce 
of  powder,  when  the  velocity  of  the  bullet  was  more  tHair 
1750  feet  in  a  fecond,  the  diminution  turns  out  no  more  tfaan- 
aboiit  25  or  30  feet  in  a  fecond,  though  wc  ilippofe  the  full 
refinance  to  have  begun  fo  near  as  two  feet  firom  the  niotithof 
the  piece ;  and  in  all  caies  where  the  velocities  were  lefs^  riie 
effed  of  the  refinance  was  lefs  in  a^much  greater  proportion  r 
and  even  in  this  tnilance  there  is  reafon  to-  think,  that  the  dl- 
niliiution  of  tiie  velocity  as  we  luu  e  dctern^lned  it  'ii  rooercat; 
for  tiie  flame  of  gun-powder  expands  with  fucii  an  ^unazing^ 
rapidity,  that  it  is  fcarcely  to  be  fuppofed  but  that  it  follows 
the  bullet^  and  continues  to  z6t  upon  it  more  than  two  fett,  or 
even  four  feet,  from  the  gun,  and  when  the  velocity  of  the 
bullet  is  lefo,  its  adioa  upon  it  muft  be  Icnfible  at  a  full' 
greater  diftance. 

With  2-18  grains  of  powder  the  recoil^  appears  to  have  been 
very  uniform  ;*  but  if  the  velocities  of  the  bullets  are  deters 
mined  from  the  recoil  in  the  40th  and  feven  following  experi- 
ments, when  this  charge  was  made  ufe  of,  mid  from  the  recoil 
without  a  bullet  in  the  jzd  and  73d  experiments,  the  velocities 
will  turn  out  confiderabiy  too  fmall,  as  we  fiiail'  fee  by  making; 
the  eomiitttatioiL 
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Tent  at  a  Venttt  1,3. 

r  40th  exp.  was  1 8,         in  the  43d  cxp.  it  was  1 8,3 

The  re-  1 41ft       -      ^7-71       "      44th       -  1^,35 
wilin  the  1 42d       -      17»9'^       •      45th       -  18,35 
[47th     •       8,1        •     46th  18,35 

Means—    i7»93  ^^^^  18,34 

And  in  the72d  and  73d  experiments  the  recoil,  with  the 

iame  charge  without  a  bullet,  was  8,72,  and  tii47— 8,^^^  at 
a  medium,  the  velocities  therefore  turn  ou^ 

"VtntatTO.     Vent  at  1,3. 
By  the  recoil  1105    -  1153 

inftead  of       1 225  and  1 276  as  they  were  (hewn  by  ihc.pcnd. 

Thediflferencc  120  and  423  feet  in  a  fecond  amounts  to  near 
one  twelfth  j)art  of  the  whole  velocity^ 

This  difference  IS' undoubtedly  owing  to  the  recoil  without  a 
hullet  being  taken  too  great ;  for  it  is  not  only  greater  than  it 
ought  to  be,  in  order  that  the  velocities  of  the  bullets  may 
oome  out  right*;  but  it  is  coniidenibly  greater  in  pfoportion 
ftan  the  recoil  with  any  other  charge. 

Thus,  with  145  grains  of  powder  ^the  seeoil  was  4,4 
with  165  grains       •      -         it  was  5,55 

290  grains        -         ^       ^  10,66 
330   grain-s  —     .  -  12,7 

and  with  437  i  grains  -  -  -  it  was  17,9  ' 
And  if  the  recoil  with  ai8  igrains  is  determined  from  theie' 
numbers  by  ioter|K>latioQ,  it  comes  out  7,5 ;  and  with  that 

R  r  2  value 
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tioned  experimeuts  appear  to  be, 

'Ventato,         Vent  at  1,3. 

'    J -43  and      1 283  by  the  recoif 

which  is  extremely  near  '  1225  and  1276  the  velocities 
(hewn  by  the  pendulum. 

It  is  to  be  remembered,  that  the 7 2d  and  73d  experiments,  from 

which  we  before  determined  the  recoil  wit^i  the  given  charge 
of  powder  without  a  bullet,  were  not  made  upon  the  fame  day 
with  the  cxperimfints  before  mentioned;  and  it  is  well  known, 
that  the  force  of  powder  is  dif^rent  upon  difierent  days.  Aad 
it  is  worthy  of  remark,  that  in  thofe  two  experiments  the 
Arcp.gth  of  government  powder  appeared  to  be  confiderably  the 
grc.itcll:.  I  mention  thefe  circumdanccs  to  ilicw  the  probability 
there  is,  that  the  recoil  iu  thole  experiments,  from  ibme  un- 
known catiie^  was  greater  than  it  ought  to  have  been,  or  ra- 
ther than  it  would  have  been,  had  the  experiments  been  na^ 
at  the  fame  time  when  the  experiments  with  the  bullets  wete 
made  ;  or  at  any  other  time  under  the  flime  circumflances. 

As  this  method  of  determining  the  velocities  of  the  bullets 
did  not  occur  to  me  till  after  I  had  fintihed  the  corurie  of  inf 
experiments,  and  had  taken  down  my  apparatus,  I  haive  ncc 
had  an  opportunity  of  afcertaining  the  recoil,  with  and  widi- 
ont  a  bullet,  with  that  degree  of  precilion  that  I  could  v»iih. 
If  I  had  thought  of  it  fooner,  or  if  I  had  recolle^ed  that  paf- 
fage  in  Mr.  robins*s-  new  Principles  of  Gunnery,  wheie  lie 
fays,  **  The  part  of  the  recoil,  arifing  from  the  ezpanfioa  of 
the  powder  alone,  is  found  to  be  no  greater  when  -it  impels 
a  leaden  bullet  before  it,  thaii  when  tlic  fame  quantity  is  fired 
without  any  wad  to  conEne  it     I  fay,  if  ihat  pafiage  had 

occurred 
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occurred  to  me  before  ic  had  been  too  hte»  I  certainly  ihould 
have  taken  ibme  paiaa  to  have  aicortftioed  the  hSt, ;  but  as  it  is, 

I  think,  enough  has  been  done  to  fliew,  that  there  is  the 
gicatcft  probability  tlint  the  velocities  of  bullets  may  iu  all 
cafes  be  determined  by  the  recoil  with  great  accuracy ;  xind  I 
hope  ioon  to  have  it  iu  my  power  to  put  the  matter  out  of  all 
doubt,  and  to  verify  this  new  method  by  a  courfe  of  conclu- 
fivc  experiments  which  I  am  preparing  for  that  purpofe. 

In  tilt  mean  time  I  would  jiift  obfL-rvc,  that  if  this  me* 
thod  fliould  be  found  to  anfwer,  \vhen  applied  to  muiket  bul- 
lets, it  cannot  foil  to  anfwer  ecjually  well  when  it  is  applied  to 
cannon  balls  and  bomb  (hells  of  the  largeft  dlmeniions ;  and  it 
is  apprehended,  that  it  will  be  much  preferable  to  any  method 
hitherto  made  public  *,  not  only  as  it  may  be  applied  indif- 
ferently to  all  kinds  of  military  projediles,  a^id  that  with  verjr 
little  trouble  or  expence  in  making  the^experiment ;  but  aUb 
becaufe  by  it  the  velocities  with  which  bullets  are  a^ualfy  fro^ 
are  determined;  whereas  by  the  pendulum  their  velocities 
can  onlv  be  afcertained  at  fome  diftance  from  the  gun,  ^rid 
after  they  have  loft  a  part  of  their  initial  velocities  by  the  refift- 
ance  of  the  air  through  which  they  are  obliged  to  jpafs  tQ  arrive 
atthe  pendulunu 

At  the  trifling  expence  of  ten  or  fifteen  pounds  an  apparatus 
night  be  coiilh  u£led  that  would  ani vvei  for  making  the  experi- 
ments with  all  the  different  kinds  of  ordnance  in  the  Brit-iQi 
fervice.  The  advantages  that  mighyt  be  derived  from  fucl]^  a 
let  of  e^tperimeats  are  too  obvious  to  retjviire  being  mqxlttiQfted^ 
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Of  a  very  accurate  method  of  proving  gun-powder. 

All  the  eprouveites^  or  powder-triers,  in  common  ufe  are  de» 
fedivc  in  many  refpe£ts.  Neither  the  absolute  force  of  gun- 
powder can  be  determined  by  means  of  them^  nor  the  compt- 
rative  force  of  different  kinds  of  it,  but  under  circumftances 

•very  different  from  thofe  in  which  the  powder  is  made  ufe  of 
ill  fervice. 

.  As  the  force  of  powder  arifes  from  the  adtion  of  an  <eiafiic 
fluid  that  is  generated  from  it  in  its  inflammation*  the  quider 
the  charge  takes  firet  the  more  of  this  fluid  will  be  generated 
in  any  given  fhort  fpace  of  time,  and  the  greater  of  courfe  will 
be  its  etlcCb  upon  the  bullet.  But  in  the  coriniion  method  of 
proving  gUn-powder,  the  weight  by  which  -the  powder  is  coa- 
fined  is  fo.great  in  proportion  to  the  quantity  of  the  chai^ 
that  there  is  time  quite  fufficient  for  the  chaige  to  be  all  in- 
flamed, even  when  the  powder  is  of  the  floweft  compofition, 
before  the  body  to  be  put  in  motion  can  be  fenhbly  removed 
from  its  place.  The  experiment,  therefore,  raay  ihew  wliich 
of  two  kinds  of  powder  is  the  ftrongefty  when  equal  quantities 
of  both  are  conflncSdin  equal  fpaces,  and  completely  inflamed; 
but  the  degree  of  the  inflammability,  which  is  a  property  cflen- 
tlal  to  the  goodnefs  of  the  ,powdcr,  cannot  by  tiiefe  means  be 
afcertained. 

Hence  it  appears,  how  powcler  may  ahifwer  to  the  proofs 
fuch  as  is  commonly  required,  and  may  neverthelefs  turn  out 
very  indiflereilt  when  it  comes  to  be  ufed  in  lervice.    And  this, 

I  believe,  frequently  happens  *,   at  leaft  I  know  complaints 
from  officers  of  the  badnefsof  our  .powder  are  very  common; 
*and  I  would  fiippoie  that  no  .powder  is  erer  received  by  the 
6  Boaid 
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Board  of  Ordnance  but  fuch  as  has  gone  through  the  efta- 
blilhed  examination,  and  has  anfwered  to  the  ufual  teA  of  its 
being  of  the  ilandard  degree  of  {Irengrh. 

But  though  the  common  powder  triers  may  (hew  powder 
to  be  better  than  it  really  is,  they  never  can  make  it  appear  to 
be  worfe  than  it  is;  it  will  thcrcrorc  always  be  the  ifitereftof 
thole  whrr  mnnufjOure  thnt  commoiity  to  adhere  to  the  old 
metliod  of  proving  it.  But  the  purchafer  will  find  his  account 
ill  havijig  it  examined' in  a  method  hy  which  its  goodnefs.  mxf 
be  ascertained  with.greater  precilion. 

The  method*  I  would  recommend  is  as  follows.  A  quantity 
of  powder  being  provided;  which,  from  any  previous  exami- 
nation or  trial,  is  known  to  be  of  a  proper  dfegree  of  ftrength  to 
Hrve  as  a  il.'ndard  for  the  proof  of  otlier  powder,  a  given  charge 
of  it  is  to  be  fired,  with  a  fit  bullet,  in  a  barrel  lufpended  by 
two  pendulous  rods,  according  to  the  method  before  defcribed, 
and*  the  recoil  is  to  be  carefully  meafured  upon  the  ribbon.  And 
tliis  experiment  beiiig  repeated  three  or  four  times;  or  oftener  if" 
there  is  any  difference  in  the  recoil,  the  mean  and  tlie  extremes* 
of  the  choidb  may  be  marked  upon  the  ribbon  by  black,  lines 
drawn  acrofs  it,  and  the  word  ^"9/"  may  be  w'rlttcn  upon  the 
middle  line ;  or  if  the  recoil  is  unitbrm  (which  it  w  ill  be  to  a 
fuiiicient  degree  of  accuracy,  if  care  is  taken  to  make  the  ex-, 
periments  under  the  fame  circumftaiices)  then  the  proof  mark 
is  to  be  madb  in  that  part  of  the  ribbon  to  which  it  was  con- 
ftantly  drawn  out  by  the  recoil' in  the  di^rent  trials. 

The  recoil,  with  a  known  charge  of  ftandard  powder,  being 
thus  afcertained  and  marked  upon  the  ribbon,  let  an  equal' 
quantity  of  any  other  powder  (that  is  to  be  proved)  be  fired  in 
the  fame  barrel,  with  a  bullet  of  the  fame  weigiit,  and  every 
other  circumftance  alike,  and  if  the  ribbon  is  drawn  out  as. 
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far  or  farther  than  the  proof  mark,  the  powder  is  as  good  or 
be  tter  than  the  ftandard  ;  but  it  it  falls  Hiort  of  that  difbncc, 
it  is  worie  than  the  ilandarcl,  and  is  to  be  rcje£lcd. 

For  the  greater  the  velocity  is  with  which  the  bullet  is  im* 
pelled,  the  greater  will  be  the  recoil ;  and  when  the  recoil  i» 
the  lame,  the  velocities  of  the  bullets  are  equal,  and  the  pow- 
der is  of  the  fame  degree  of  ftreiigth,  if  the  quanrhv  of  the 
charge  is  tiie  fame.  And  if  care  15  taken  m  proportioning  the 
chai^  to  the  wdght  of  the  bullet,  to  come  as  near  as  poffible 
to  the  medium  propordon  that  obtains  in  pni£lice»  the  deta>- 
mination  of  the  goodnefs  of  gun-powder  from  the  refult  of 
this  experiment  cannot  fail  to  hold  good  in  a£lu.il  fervice. 

Fig.  14.  reprefents  the  propofed  apparatus,  drawn  to  a  fcaie 
of  one  foot  to  the  inch,  a,  is  the  barrel  fufpended  bj  the 
pendulous  rods  d\  and  r  is  the  ribbon  for  meafuriog  the 
recoil. 

The  length  of  the  bore  is  30  Inclics,  and  itb  diaiiieter  iioiie 
iuchy  confcqucntly  it  is  jufl  30  calibres  in  lengthy  and  will 
carry  a  leaden  bullet  of  about  3  ounces* 

The  barrel  may  be  made  of  gun  metal,  or  of  cail:  iron  as 
that  is  a  cheaper  commodity ;  but  great  care  mud  be  taken  is 
boring  it,  to  make  the  cylinder  perfedly  ifiait  and  fnwoth,  as 
well  as  to  preicrve  the  proper  dimenfions.  Of  whatever  mctdl 
the  barrel  is  made,  it  ought  to  weigh  at  leafk  50  lbs.  b  order 
that  the  velocity  of  the  recoil  may  not  be. too  great;  and  the 
tods  by  which  it  is  fuipended  ihould  be  five  feet  in  length.  The 
vent  may  be  about  one  twentieth  of  an  inch  in  cliainetci  ;  and  it 
fhould  be  boucbcd or  lined  with  gold,  in  the  fame  manner  as  the 
touch-hole  is  made  in  the  better  kind  of  fowling  pieces»  in 
order  that  its  dimeniions  may  not  be  increafed  by  repeated 
firing. 

I  The 
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The  bullets  ihould  be  made  to  fit  the  bore  with  very  little 
windage ;  and  it  would  be  better  if  they  were  all  caft  In  the 
fame  mould,  and  of  the  fame  parcel  of  lead,  as  in  that  cafe 

their  weights  riiicl  diiiienfions  would  be  more  accurately  the 
fame,  and  the  experiments  would  of  courfe  be  more  conclufivc. 

The  flated  charge  of  powder  may  be  half  an  ounce,  and  it 
fliDuld  always  be  put  up  in  a  cartridge  of  very  fine  paper ;  and 
after  the  piece  is  loaded  it  fhould  be  pftmed  with  other  powder, 
firfi:  taking  care  to  prick  tiic  cartridge  by  tliruUiiig  a  priming 
wire  down  the  vent% 

As  it  appears,  frocct  ieVeral  experiments  made  on  purpole  to 
afcertaia  the  fa^»  that  tan^ming  the  powder  more  or  lefs  has  a' 
very  fenfible  tfk€t  to  increaie  or  diminifh  the  force  of  the 
charge  ;  to  prevent  any  inaccuracies  that  rnight  arife  from  that 
caufe,  a  ram-rod,  fuch  as  is  reprefentcd  fig.  15.  may  be  made 
ule  of.  It  is  to  be  made  of  a  cyiindric  piece  of  wood  in  the 
fame  manner  as  ram-rods  in  general  are  madei  but  with  the 
addidon  of  a  ring  C,  about  one  inch  and  a  half,  or  two  inched 
in  diameter,  which,  being  placed  at  a  proper  diflance  finoin  the 
end  {a)  of  the  ram-rod  that  goes  up  into  the  bore,  will  prevent' 
its  being  thruft  up  too  far.  This  ring  may  be  made  of  wood>' 
or  of  any  kind  of  metal  ast  ihall  be  found  mod  convenient; 
Ihe  other  end  of  the  ram-rod  (b)  may  be  31  or  32  inches  in' 
length  from  the  ring,  and  the  extremity  of  it  being  covered' 
with  a  proper  fubftance,  it  may  be  made  ufe  of  for  wiping  out 
the  barrel  after  each  experiment. 

The  machine  (/*)  for  the  tape  to  Hide  through  may  be  the 
£uDe  as  is  defcribed  by  Dr.  botton  in  his  accpunt  of  his  expe- 
riments on  the  initbd  velocities  of  cannon  balls ;  as  his  tne- 
thod  is  much  better  calculated  to  anfwer  the  purpofe  than  that 
propofed  and  made  ufe  of  by  Mr.  robins*  It  will  alio  be 
Vox..  IXXL  S  £  better 
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better  for  the  axis  of  the  pendulous  rods  to  reft  upon  kvel 
pieces  of  wood  or  iron,  than  for  them  to  move  in  circular 
grooves :  only  care  muft  be  taken  to  confine  them  by  fbples  or 

Ibme  other  contrivance,  to  prevent  their  flipping  out  of  their 
places. 

The  trunnions,  by  means  of  which  the  barrel  is  connected 
with  the  pendulous  rods,  and  upon  which  it  is  fupported, 
ihould  be  as  fmall  as  poflible,  in  order  to  leflen  the  fridion ; 
and  for  the  fame  reafon  they  ihould  be  well  poUihed,  as  well  as 
the  grooves  that  receive  them.  They  need  not  be  caft  upon  the 
barrel,  but  may  be  fcrewed  into  it  after  It  is  iinilbcd. 
.  In  making  the  experiments,  regard  muft  be  had  to  the  heat 
cf  the  barrel,'  las  well  as  to  the  temperature  of  the  atmosphere ; 
for  heat' and  cold,  drynefs  and  moiflure,  have  a  very  fenfible 
cffc£i  iipou  gun-powder  to  increare  or  dhiilnilh  iti  force.  If 
therefore  a  very  great  degree  of  accuracy  is  at  any  time  re- 
quired, it  will  be  beft  to  begin  by  firing  the  piece  two  or  three 
lim^,  inerely  to  warm  it ;  after  which  three  or  fi)ur  expeiT- 
-raeiitit  may  be  made  with  fkndard  powder,  to  determine  anew 
the  proof  mark  (for  the  ftrength  of  the  fame  powder  is  dif- 
ferent upon  diiFerent  days)  ;  and  when  tliis  is  done,  the  cxpcn- 
ipents  with  the  powder  that  is  to  be  proved  are  to  be  made, 
taking  care  to  preierve  the  fame  interval  of  tune  between  the 
firings,  that  the  heat  of  the  piece  may  be  the  fame  in  each 
trial. 

If  all  thefe  precautions  are  "taken,  and  if  the  bullets  are  of 
the  fame  weight  and  dimenfious,  powder  may  be  proved  by 
this  method  with  much  greater  accuracy  than  has  bitliertobeen 
done  by  any  of  the  common  methods,  made  uie  of  for  that 
^uxpofe* 
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degrees  of  firengtb* 

■ 

Let  V  denote  the  velocity  of  the  bullet  with  the  ftrongcr 
powder,  and  put  v  equal  to  the  velocity  with  the  weaker, 

when  the  charges  are  equal,  and  the  weight  and  dinienfions  of 
the  huilcts  arc  the  lame,  and  when  tiicy  are  dilcharged  from 
the  (iime  piece.  If  tlic  cliargc  is  ai:gmcnted  wlicn  the  weaker 
powder  is  made  ufe  of,  till  the  velocity  of  the  bullet  is  in* 
creafed  from  v  to  V,  or  becomes  equal  to  the  velocity  with  the 
given  charge  of  the  ftronger  povirder,  the  of  the  chaii^ 
may  then  be  (aid  to  be  equal;  and  confequently  the. weaker 
powder  is  as  much  worfe  than  the  ftronger,  or  is  of  lefs  value 
ill  proportion  as  tiic  (quantity  of  it  retjuired  by  the  pounds  to, 
produce  the  given  cti'cdi  is  greater.  ,  ^ 

But  it  is  well  known,  that  the  velocities,  with  different 
quantities  of  the  fame  kind  of  powder,  arc  in  the  futirtliipfiQIte 
ratio  of  the  weights  of  the  chaiges.  Thechai^ges^  therejfore.^' 
muft  be  as  the  fquares  of  the  vdoddes*  and  con(equen^ly^j^<(  ■ 
charge  of  the  weaker  powder  muft  be  to  that  of  the  ftipfiger, 
when  the  velocities  are  equal,  as  VV  is  to  w.  The  weaker 
powder  is  therefore  as  much  worfc  than  the  ftronger  as  VV  is 
greater  than  vv ;  or  the  comparative  goodnefs  of  powder,  of 
different  degrees  of  ilrength,  is  as  the  fquares  of  the  velocities 
of  the  bullets  when  the  charges  are  equal. 

The  mean  velocity  of  the  bullets,  as  ihewn  by  the  pen* 
dulum  in  the  104th  and  105th  experiments,  when  the  piece 
w  as  lucd  with  145  grains  of  government  powder,  was  894  feet 

S  1  i  '  ia 


|b j.  Mfn  TBo^PSON^S  Experli^tnU 

ill  a  iccond ;  and  with  the  fame  quantity  of  double  proof  •bat- 
tle powder  (experiment  N"  io6)  the  velocity  was  990  feet  in  a 
I'econd.  Now  the  Iquarcs  of  thefe  velocities,  which,  as  wc 
juft  obferved,  meafure  th6  goodnefs  of  the  powder,  are  to  each 
other     I  is  to  1,2263,  or  nearly  as  5  is  to  6. 

With  21-8  grains- of  government  powder,  the  mean  ve- 
locity in  four  experiments  fiv'j.  the  40th,  4iil,  42u,  arid  43d) 
was  12.25  feet  ill  a  fecond ;  and  in  the  experiment  N  107. 
when  the  fame  quantity  of  double  proof  battle  powder  was 
made  uie  of,  the  velocity  was  ij8o  in  a  iecond;  and 
T225*  is  to  Tpo*  ^  1  *s  *o  1,2691. 

With  290  grains,  or  half  the  weight  of  the  bullet  in  go- 
vernment powder  in  the  109th,  iioth,  iiith,  and  112th 
experiroetots,  Ae  mean  velocity  of  the  bullet  was  1444  feet 
m  a  iecond  $  but  with  the  fame  quantity  of  the  battle  powder 
(experiment      116.)  the  velocity  was  1525  feet  in  a  ikood; 

i444*is  to  1525  ,  as  i  isto  1,1153. 

By  taking  a  medium  of  thefe  trials  it  appears,  that  doable 
proof  battle  powder  is^tfeerthan  government  powder  in  pio- 
portion  as  ¥,203618  to  r,  or  nearly  as  6  is  to  5. 

But  if,  inflead  of  wtighing  the  powdtr,  we  eftimate  the 
quantity  of  the  charge  by  meafurement,  or  the  ipace  it  occupies 
in  the  bore  of  the  pieces  the  comparative  fbrength  of  battle 
pdwder  WiU  appear  to  be  confiderabiy  gteatier,  or  its  ibeogjdi 
will  be  to  that  of  go^niaient  powder  nearly  as  4  is  to  3 ;  Ibrthe 
grains  of  this  better  kind  of  powder  being  more  compact  and 
nearly  of  a  fpherical  form,  a  greater  weight  of  it  will  lie  in  any 

•  This  is  called  hattU  powder,  not  btc.  ufe  it  is  ufcd  in  battle  or  in  war;  but 
Cr«ji  Battle^  ihc  name  of  a  vilkge  ia  lUot,  where  that  kind  vf  powder  is  xsa^ 
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given  fpace  than  of  government  |)Owdcr,  ivhich  is  formed  more 
luofclv,  anJ  of  various  and  of  very  it  regular  figures. 

Now  the  common  price  of  double  proof  battle  powder,  as 
it  is  fold  by  the  wholeCale  dealers  in  that  commodity,  is  at  the 
rate  of  ^.  lo  per  cwt.  neti  which  is  juft  two  Oiillings  by  the 
pound ;  while  government  powder  is  fold  at  j^.  5  5/.  per  hun-^ 
dred,  or  one  (hilling  and ^th  of  '^fzmiy  per  pound;  but  bat* 
tic  powder  is  better 'thaii'gbveniment  powder  only  in  the  pro- 
portion of  i,2o^6  to  I,  or  of  one  /hilling  and  two  pence  to 
one  (hilling  and  ,-..th  of  a  penny;  battle  powder  i>  therefore 
fold  at  the  rate  of  ten  pence  by  the  pound,  or  41  *  per  cent* 
dearer  thdn  it  ought  to  be  or^  tHofe,  who  makeufe  of  it  in  pre- 
ference to  government  powder,,  do  it  at  a  certain  lofs  of  41  {.^ 
jjfr  mf/«.of  the  mon^y. that  the  p6Wder  colb  thedu- 

Of  ibe  relation  of  the  veioc/iies  of  bullets  lo  ibeir  weights.' 

According  to  Mr.4i0BiNS*s  theory,  when  bullets  of  the  fame 
diameter*  but  diiiereiit  weights,  are  difcharged  firom  the  fame 
piece  by  the  fame  qiiantit)r  6f  powdeirf  their-veloctties  Ihould  be 
in  the  reciprocal  iub-duplicate  rado  of  their  weights  ;  but  as  * 
this  theory  is  founded  upoA  a  fuppofitioo  that  the  a^ion  of  the 
eiailii:  fluid,  generated  from  the  powder,  is  always  tiie  fame  in 
any  and  every  civon  part  of  the  bore  wlien  the  charge  is  the 
fame,  whatever  may  be  the  wcigiit  of  the  bullet;  and  as  no 
allowance  is  made  for  the  expenditure  of  fbrde  required  to  put 
the  fluid  itfelf  in  motion^  or  for  the  Ibfs  of  ic  bf  the  voit ;  it  b  • 
plain  that  the  theory  itf  defective.  It  is  tnie»  Dn  RirrTONin  his  ^ 
experiments  found  this  law  to  obtdin  without  any  great  error, . 
and  pofTibly  it  may  hold  good  with  fufficient  accuracy  in  manjr ' 
cafes;  for  it  fomctimes  happens  that  a  mimt^r  of  errors  or 
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actions,  whofc  operations  have  a  contrary  tendency,  fb  conij3cn- 
{■Ait  each  other,  that  their  effe^s  when  united  are  not  iei)fible. 
But  when  this  is  the  cafe,  if  any  one  of  the  caufes  of  error  is 
removed,  thoie  which  remain  will  be-  dete£(ed. 

When  any  given  cliargc  is  loaded  with  a  heavy  bullet,  more 
of  the  powder  is  inflamed  In  nnv  \cvy  Ihort  fpacc  of  time  \\m\ 
when  the  bullet  is  lighter,  and  the  action  of  the  powder  ought 
of  courle  to  be  greater  on  that  account ;  but  then  a  heavy  bul-. 
let  takes  up  more  time  in  palling  through  the  bore  than  a  light 
one,  and  ooniequently  mofe  of  the  elaftic  fluid,  generated  fnun 
the  powder,  ercapes  by  the  wivil  aiid  by  windage.    It  imy  Lap- 
pen,  that  the  augmentation  of  the  force,  on  account  of  oik  at 
thefecircunii^aiices,  may  exa^ly  counterbalance  the  dimijiutioa 
of  it  ariring.from  the  other;  an4  if  it  (hould  be  found iipoa 
trial  that  this  is  the  cafe  in  general,  in  pieces  as  they  aie  now 
conftru£Ved,  and  with  all  the  variety  of  Ihot  that  are  made  ufc 
of  in  pi  ^(ftice,  it  would  be  of  great  ufe  to  know  the  fa£l :  and 
pofiibly  it  might  anfwer  as  well,  as  far  as  it  relates  to  the  art  of 
gunnety,  as  if  we  were  p^r&diy  acquainted  with,  and  weie 
able  to  appreciate,  the  d&Q.  of  each  vaiylr^  circumfbnce  under 
which  an  experiment  can  be  made.   But  when,  concluding  too 
lialllly  from  tlie  iclult  of  a  partial  experiment,    we  fuppole 
with  Mr.  ROBINS,  that  becaufe  the  fum  total  of  the  a(StioQor 
preffure  of  the  elaftic  fluid  upon  the  bullet,  during  the  time  of 
its  parage  through  the  bore,  happens  to  be  the  fame  when  b\il- 
lets.  of  dif&rent  weights  are  made  ufe  of  (which  colk£tife 
prcfTure  is  in  all  cafes  proportional  to,  and  is  accurately  mca- 
iurcd  by,  the  velocity,  or  rather  motion,  communicated  to  the 
bullet)  that  tlicrctore  the  preHure  in  any  given  part  is  always 
exa£Uy  the  fame,  when  the  quantity  of  powder  is  the  fame 
with  whkh  the  piece  is  fired ;  and  fiom  thence  endeavour  to 
...  prove. 
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upon  Gun-powder^  &c.  307 
pnjvc,  tliat  the  niflammation  of  gun- powder  is  inibntaneous, 
or  that  the  whole  charge  is  in  all  cafes  inflamed,  and  con- 

verted  into  an  elaftic  fluid  before  the  bullet  is  feniibly  moved 
«*>  from  its  place fuch  reafonltigs  and  coticluiious  may  lead  to- 
very  dangerous  errors. 

It  Is  undoubtedly  true,  tliat  if  the  principles  ailumcd  by  Mr. 
ROBINS  with  relpet^  to  the  manner  in  which  guii-powder  takes 
fire,  and  the  relation  of  the  ehi^icity  of  the  generated  fluid  to 
its  den(ity«  or  the  intenHty  of  its  preflure  upon  the  bullet  as  it 
expands  in  the  banrel,  were  juft,  and  if  thelofs  of  force  by  the 
vent  and  windage  was  in  all  cafes*  inconHderable,  or  if  it  was 
prevented,  the  dedu^Ions  from  the  theory  refpe£ling  the  velo- 
cities of  bullets  ot"  different  wel|5;hts  would  always  hold  good. 
But  if,  on  the  contrary,  it  fhould  be  found  upon  making  the 
experiments  carefully,  and  in  fuch  a  manner  as  intirely  to  pre- 
vent inaccuracies  ariling  from  adventitious  circumftahces,  tbnt 
the  velocities  obferve  a  Taw  di^l^rent  from  that  which  the  theory 
fuppofeSt  we  may  fairly  conclude,  that  the  principles  upon* 
which  the  theory  is  fbun(fed'areerroneotT5. 

Let  us  now  lee  how  fiir  thelc  expe  riments  ditier  from  the 
theory.  Thofe  numbered"  from  84  to  02  Inclufive  were  made 
in  fuch  a  manner  that  no  part  of  the  force  of  the  powder  was 
lofl  by  the  vent,  or  by  windiige,  as-has  already  been  mentioned, 
and  all  poiiiblc  attention  was  paid  to  every  circumflance  that 
could  contribute  to  render  them  perfe£tf  and  conclulive. 

A  particular  account  of  them  with  the  means  uferd'fbr  f^rm^ 
ing  the  bullets,  and  making  them  fit  for  the  bore,  and  tlic  con-* 
tfivance  for  preventiiig  the  efcapc  of  the  claftlc  fluid  by  the 
vent,  &c.  may  be  feen  in  the  general  table,  p.  245/  The  fbl* 
lowing  table  ihews  the  refult  of  them« 
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3o8  Mr.  TffoMPSDN^s  Experftmts 

N.  B.  The  charge  of  powder  was  tl^e  fame  ia  each  ez|^i* 
oenty  and  confiAed  of  145  grains  in  weight* 


Weight 

Velocity  of  the  bullet* 

of  mt 

l>ifIeFeiioei 

Imllct. 

Computed. 

A  f  til  ' 

0  ^  111 

4,109 

• 

1 

1^30 

•f*  Ida 

354- 

88th 

600 

1240 

817 

+  433 

89th 

603 

815 

+  409 

90th 

2184  ' 

581 

+  436 

91ft 

.  478 

+  415 

93d 

^35« 

413 

^399 

The  computed  vek)citi^»  tii  they  are  fet  down  in  this  tablet 
were  determined  from  the  a^al  velocity  of  the  bullet,  as  deter^ 
mined  by  tlie  recoil  in  the  85th  experiment ;  and  ihc  D  ciprocal 
fub-duplicate  ratio  of  its  weight  to  the  weight  of  the  bullet  m 
each  fubfequeiit  expenmeat ;.  and  in  the  lafl  column  is  madud 
the  di£erence  between  the  e^Eperiment  and  the  theoiy,  or  the 
tiumber  of  feet  in  a  6c«md»  which  tjhe  adual  velodtjr 
exceeds  the  computed* 

But  in  order  that  we  may  fee  this  matter  in  different  points 
of  view,  kt  tlie  order  of  the  ^xperin^^nts  he  now  inverted,  and 
let  the  computed  velocities  be  d^ennined  from  the  a£bal  velo* 
ijiy.jji  the  9sd  expeiinientt  jand  afluming  the  tot4  or  cdlec* 
ti«e  preflure  exerted  by  the  powder  upon  the  bullet  in  that  expe* 
rimcnt  equal  to  unity,  let  the  colle£live  prelTiire  in  the  other 
experiments  be  computed  from  the  ratio  of  the  a^ai  to  ibt 
computed  veiodties,  aad  the  table  will  iUnd  thus : 

9jd 
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Weight  .  Yclocity  of  the  bullet 
of  the      *  t  '■'  -> 


92d  exp.  2^52  grs.  B 1 2 
^rft  '  1754  .  «93 
9c$th  I184 

SSdi      '  -600 

-J^jrh^'^  354 
86th 


1017 
1224  * 

1 240 

1430 


8x2 
j>40 

f6o4 
1608 

24^6 


-  47 

-  805 
-1056 

-  2042 


f  rrfibi 


Q,902Ct 

0,7897 
6,5825 

o»5949 
0,377^ 

o»33'<^ 
6»2j8f 


Ir^  thfe  followmg  figure  let  AB  reprcfieat  the  jtidsjel  the  piece. 


.1. .  I 


1 


«  « 


,  1  ■  ♦ 


.1 


point  Hittlii  perpencilq»laj  PHbeere&ed,  upoh' Which  let  PL 
and  PM  be  taken  froni^^'towal-ds  I*  if  f^^^ 

while  PL  Expounds  the  unliorm  force  of  gravity,  6r  the  w%ht 
9f  the  bullet,  PM  ihail  iie'as' the  'force  cxmed  by  the  poNvdef 


Vol..  LXXi. 


T  t 


upon 


o  Mr-  lfifoMM<nt*s  ExperhiMs 

Vpon  the  bullet  at  the  moment  of  the  explofion.  If  now  we 
^uppofe,  that  while  the  bullet  moves  on  from  P  towards  B,  the 
line  PM  or  fm^  goes  along  with  it,  and  that  (he  {xmil  m  » 
always  taken  in  liieh  a  manner  that  the  line  pm^  ihili  he  l» 
or  PL,  as  the  force  ading  upon  the  bullet  in  the|xwiC/, 
is  to  its  weight,  till  //w,  coincides  with  QJB,  t;hcu  w;iil  |he 
areaPMQB  be  to  the  area  PLDB  in  the  duplicate  proportioaof 
the  velocities  which  the  bullet  would  acquire  when  a^ed  ca  by 
ks  own  grayi^  through  the  fpaoe  PB,  and  Fben  ^ppeUed 
thrbogli  the  (ame  ipace  {>j  the  fbrpe  .v^  the.  jpowider,  as  ia^ 
be  febn  demonftrated  by  SiriSAAC  kbwtok,  in  hisMatheni* 
tical  Principles  of  Natural  Philoloph}  ,  book  I.  prop.  39. 

Now  what  I  call  the  collective  prellure,  orfum  total  of  the 
•d:ioiiof  the  powder  upon  the  bullet,  is  the  meafureof  the 
aiea  Plift^i  and  iris  plain,  firom  what  has  been  faid  abovti 
that  iti  meaTufes  are  in  all  cafes  to  be  accurately  d^ennined^ 
when  the  weight  and  velocity  of  the  bullet  areknawtu 

If  all  the  powder  of  the  charge  was  Inflamed  at  on^ee,  or  be- 
Ibre  the  bullet  ieniibly  moved  iram  its  place  ;  and- if  the  pref- 
fnve  9i  the  gei&erated  fluid  was  always  a&its  den£ly^  orinvifiiely 
asilie^co  koccttpSes^tdKawoiildlAielineMQb^ 
tiie  aiea  ITOK^  wmM  always  be  the  fame  when  t^e  cfatfge 
was  the  {iiroL,  and  confequently  the  velocities  of  the  bullets 
would  be  a&  th^-  i<|uare  roots  of  their  weights  inverfcly.  But 
\t  appears,  ffom  the  befete  mentioned  experiments,  that  when 
-#ie  wigfit«f4iie  bnUeC  was  incieaied  ibur times,  tbo  adion 
'^Mk  powdsr,  or  am  PMQB»  was  ii^ly  doubled;  lor  in 
|hc  92d  experiment,  when  four  bullets  were  difcharged  at 
once,  the  coHe<5tLvc  prcflure  was  iis  i  ;  but  in  the  89th  experi- 
nipit,  wlnnv  a  fii^  bulki  was  made  uie  oi^  thie..colle£dve 
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f»reflttre  was  onJf  is  0,5815 ;  and  m  the  85th,  S6th,  and 

%jth  experiments,  wlieii  the  bullets  were  much  lighter,  the 
a^ljon  of  the  charge  was  ft  ill  lefs. 

But  though  we  cm  determine  with  great  certainty,  from 
theiee](peruneii€8»  the  ratio  in  which  the  a£tioB  of  the  powder 
upon  die  bullet  was  ineieaied  or  dimintihedt  Ijy;  nudking  u(t  of 
bullets  of  greater  or  lefs  weight ;  yet  we  cannot  from  thence 
akertaiii  the  relation  of  the  ehiflicity  of  the  generated  fluid  to 
its  denficy,  nor  the  quantity  of  powder  th^t  li  inflaoQed  at  difr 
fevent  period!^  befoce  aad  after  the  buUet  heffa$'tomaeve  in  the 

OOKt 

But  afVuming  Mr  kobths^s  principles  as  far  as  roiafes  to  the 

ciafticity  of  the  fluid,  and  fuppofing  that  in  ail  the  experiments, 
except  the  ^id^  a  part  only  of  the  charge  took  fire,  and  that 
that  part  was  inflamed  and  converted  into  an  elaftic  fluid.  be^»ie 
the  bttUet  began  to  move  i  upon  that  fuppofitiea  1^  wdetn> 
mine  the  quantity  of  powder  that  took^re  m  each  experiments 
for  the  quantity  of  powder  in  that  cafe  would  he  as  the  coUeo* 
live  prefl'ure.  Y 
Thus,  if  the  whole  charge,  =  145  grains  in  weigh  t,  i»  fop<» 
pelsd  to  bsve  been  inflamed  in  the  9ad  experiment,  the<|ilMlr 
tSxy  mflamed  m  each  of  the  other  caipeAncntft  lirttt  ifpp«ut  it 
lavebeooailbllowsi  /      .       -'M  . 

•  •  *  ■• 

'  "  '  «  "  T  t  a  *  Wdrfit 


'  '     '  ^Vwghtof     *    Velocity  of  '        Colleaive  Powder 


S5thexp.t  9ogrs.   .  aio^  ©,2581  '  '  3751*. 

'86th*    ;  25^.  '.^  '1430'  Q>33'o  ■'"'48' 

.^7^^^  1288  ;  *- 0,3778  55 

"88th    '  '600"  '    1240  *€>»5949  *  ^ 

89th   .  60^  '  1224  0,4(825  '84. 

^Oth  ;  ■  fiH  ,  'j  jo^;  .    0*7897  'ri4 

91'ft,  1754.  ^       ^93  '  *    0,9020  jt3i 

But  there  ace  many  reafons  to  fuppoie,  that  the  dimuiiitiopp 
•f  tii0  vSaotrnf^^  'powiet  upon  the  tttiUet,  if  hen  it  is  %hi?ej-*  is^ 

Btit  lo  miKrh  owiiig  to  ttit;  iiiiiJlefs  of  the  quautity  of  powder 
fikat  takes  ike  ia  that  cafe  as  to  t;bc  vis  imrt^ie  of  the^gcuimted 
ftttUt   hi,  n  ttM^r  tliat  a  gr^atei*  poriian  of  the  i^^M^ 

rije  quautlty  of  UufiFcd  powder  m  any  cafe  was  iiiuck  tuulinal4 
to  account  for  the  apparent  dimuiutioa  of  the  force,  wtei  h|;|it 
bullets  were  made  ufe  of.  • 

proportion  to  that  of  the  powder  that  generated  it ;  aod^^^  tii^ 
grofs  matter,  or  caput  ?nortuumy  of  the  powder  remained  in  the 
bottom  of  the  bore  after  the  explo^iii  then,  and  upon  no^ 
other  fuppofition^  Would  the  prefllire  upon  the  bulkt  be  in* 
irerfely  asthe  fpace  occupied  bjrthe  flaid  r  but  it  is  evident  that 
this  can  never  be  the  cafe. 

A  curious  fuhje6l  for  fpecuLttioa  here  occurs  :  how  far  would 
it  be  advantageous,  were  it  poliible,  to  diminifh  the  fpccific 
gOMu^iof  gun«powdec,  andth&fitiid  generated  from  it,  with* 
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•uC  MIetujQg  el^ic  ibrce  ?  It  wogld  certainly  tlBl  uj^  very 
%lit  bviUets  widi  greater  force;  but  when,  heavy  ones  came  te- 
be  made  ufeof,  thete  19  reaibn-to  think,  that,  except  extraor- 

(iiiiary  precaution  \va.i  taken  to  prevent  it,  die  greateft  part 

force  would  be  loH  hy  the  vent  niid  by  windage. 
f  frhf.yelpcity  with  which  daftic  fluids  ruih  into  a  vpid  fpace  'y^ 
1^  tj^ej^Ufticity  qf,  the,  fluid  dlce^y,  -and  inverfely  as  its  den- 
p  i^,therefore>  the  don^iry  q£  the  fluid  generated  ftoipOf 
powder  KM9  ibur  tiooes  lels  thvo,  it  jits  elafticity  remaining 
^e-iasaev  it  woulS  OMt  at  the  ycnt,  and  efcape  by  the  fide 
of  the  bullet  in  the  hore,  with  nearly  four  times  as  great  a 
velocity  as  it  does  at  prdciit ;  but  , we  know  froni  experiment 
that  ihe  )a£s  of  fiojrce  oq.  thoie  ^couiits  is  now  very  conii- 
ikrahle. 

(Bfliheej^pcrkiifiiitSr  N**.  7^.  Jtn^  .j.^^  when  the  piece  was^d 
with  145  grains -of  powder,  the,  velocity  of. the  bullets  at  « 
ped^uoiJivas  i04o.&ecin  aieci^nd;  Jbut  in  the  88th  and  89th 
eKperimentSy  when  the  bullets  were  even  heavier,  and  the 

piece  was  fired  witli  tlie  lamu  quantity  of  powder,  the  mean 
velocky  was  1232  feet  in  a  fbcond.  The  differences  192 
feet  iu  a  fecpnd,  aaiwers  to  a  differeuce.of  force  greater  in  the 
i^il  «^pcxsDfi«nt8  dian^io  ^the  Bg&  in  the.  proportion  of  1 4  to  i  o. 

1  knov  of  na  way  to-  ^icooupt  for  ldiis.difl^rence»  hut  by  fup* 
pofing  ihat  it  was  .owing  huh'^jy  .to 'the  efc^  of , the  ekilic 
^ittd'hy  the  vent,  and  by  windagev  in  thofe  experiments  where* 
the  vent  ;was  opcu,  aud  the.buikti  wu.c  ^ut  uukcd  uit.u  liie 

An  ,^laftic  bow,  made  of  very,  hght  .wood,  will  throw  ^! 
lirni^9  and  efpecialiy  a  Ught  onc^'  with  greater  velocity  than 
h<M¥-9f  telof  -the.iamjdegree  of  flt^^ia:  but^  for  pra^ice*. 
1  ..thifik.,it , ts  pkiiu.  .ifeat  gun^gowder.ffujy   J*pp<^Jfd  .to  be  ft* 

light 
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light  as  to  be  rendered  iiittrel)M)j£k^ :  and  for  fotne  purpoicf  k 
ieems  probable,  that  It  wpuld  not  be  the  worfe  for  being  erai 
Jleavier  than  It  is  now  made.  '  Vents  is6  kblblutely  mee&aj  ia 
fite-Hrins,  knd  in  large  pieces  the  windage  mbft  be  confidenble^ 
in  order  that  the  bullets,  which  are  not  always  (b  round  asthcf 
ftouid  be,  may  not  (lick  in  the  bore ;  and  thofe  who  have  beea 
prelent  at  the  firing  of  heavy  artillery  and  large  mortars  witk 
(hot  and  fliellst  mni^  have  obierved,  that  there  b  a  lenfibleipaM 
of  time  elapfes  between  the  lighting  of  the  and  tlieex« 
plofion  ;  and  that,  during  that  interval,  the  flame  is  contmually 
ilfuing  out  at  the  vent  with  a  hlffing  iioife,  and  with  a  prodi- 
gious velocity,  as  appears  by  the  height  to  which  the  (bream  of 
fire  mounts  up  in  the  air.  It  is  piun^  that  this  io6  naft  k 
greater  in  proportion  as  die  (hot  that  is  di&hai|^  b'hciner; 
and  I  havMftdn  landed,  that  t  perceived  a- ienHble  difierenoeiA 
the  time  that  elapfed  between  the  firing  of  the  prime  and  the 
exploiion,  when  bullets  were  dilcharged,  and  when  the  piece 
has  been  fired  with  powder^only;  the  time  being  appafoitijf 
longer  in  the  former  d&  than  tficilatten 

Almoft  atl  the  writers  upon  gun-powder»  and  partMailf 
thofe  of  the  lail:  century,  gave  different  recipes  fbr  powder  that 
is  deligiied  for  ditterent  ufes.     Thus  the  French  authors  men- 
tion poudte  d  mmffiUt^  foUdre  ordinaire  ie  guerre^  fioudrt  it 
tiiffe^  md  pmlri4Pariifiee;  ali  of  which  are  compofed  of  fall 
petre,  fulphur,  and  charcoal,  taken  in  different  propoitiflRSf 
Is  it  not  probable,  that  this  variety  in  the  compofition  of  pow- 
der was  originnlly  introduced  in  confequence  of  obfcrvation 
that  one  kind  of  powder  was  better  adapted  for  particiiltf 
purpoies  than  another «  or  from  experiments  made  on  pmpols 
to  afodtatn  the  hSt  )  There  is  one  drcnmflanee  that  wodU 
lead  nt  to-fnppofe  tbst  that  was  the  cafe.—  That  kind  of  pov* 

der 
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iier  whicli  was  defigned  for  great  guns  and  mortars  was  weaker 

than  thole  which  were  intended  to  be  ufed  in  fmaller  pieces : 
for  if  there  is  any  foundation  for  tlicic  cofijeftures,  it  is  cer- 
tain, that  the  wcakeil  powder,  or  the  heavieil  in  proportion  ip 
daftic  force,  Qug^t  to  be  ufed  to  impel  the.beavieft  bulkti^ 
and  partiatlarljr  in  guns  that  afeimperfediy  ibrmed,  where  the 
▼ent  is  large,  and  the  windage  very  great. 

I  am  perfe6;iy  aware,  that  an  objection  may  here  be  made, 
viz.  that  the  elaflic  fluid,  which  is  generated  froingun-pgwder^ 
muft  be.  fuppofed  to  have  the  Tame  pvo^rties  very  ijiearlj, 
whatever  may  be  the  proportion  of  the  ieveral  ipgredient^  and 
that  thereifbre  the  only  difierence  there  can  be  in  powder  i's, 
that  one  kind  may  generate  more  of  this  fluid,  and  another  lefs 
and  that  when  it  is  generated,  it  aOs  ia  the  fame  manner,  and 
will  alike  efcape,  and  with  the  lame  velocity,  hy  any  pailage  it 
f«i  6nd.  But  to  this  I  aofwer,  though  the  fluid  may  be  the 
isune,  as  nndoobtedly  it  is»  and  though  its  denfity  and  elaftip- 
cit/  may  be  the  iame  in  all  caies  at  the  tnftani  of  its  generation, 
yet  tA  the  explofion,  the  elaftrc  and  un-elaf^lc  parts  are  io  mixed 
and  blended,  that  1  imagine  the  fluid  cannot  expand  without 
ta^ng  the  grofs  matter  .aloo^  with  it,  and  the  velocity,  with 
which  the  flame  iflhes  out  at  the  vent  ts  to  be  computed  ffDov 
t&e  elafticity  of  thefluid,  and  the  denfl^ or  weight  <^  the  fluid 
and  the  grofs  matter  taken  together,  and  not  (imply  fromi 
the  eladicity  and  denfiiy  of  the  fluid.  If  antimony  in  an  im- 
palpable powder*  or  any  other  heavy  bpdy,  was  intimately 
milEed  with  water  in  a  Yciel  of  any  kind,  and  kept  in 
by  (baking  or  fl^ng  them  a^ut ;  and  if  a  1m^  waa  jqpeiied 
ia  th^  iide  or  bottom  <>f  the  veflel,  the  water  Would  nov  rail 
out  wi]thout  taking  the  particles  of  the  folid  body  along  with 

it*  And  in  the  isune  mamier  1  conceive  the  folid  peiticle&  that 
'  lemaiD 
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jiS  ikfr.  TiroMP^<5i5^8  l^xperiments  ' 

remsdti  after  Ae  cxptofion  of  gun-powder  are  earned  ibi^^ 

with  the  generated  elaftic  *  fluid,  atud  bdtig  catried  fbrwirf 

retard  its  motion.— iut  td  T^ihirn  from  tftis  <ligrefli<m*  '  » 
As  it  appears  from  thefe  experiments,  thut  tiic  relation  of  the 
velocities  of  bullets  to  their  weights  is  different  Kom  that  which 
Mr,  ROBiNs's  theory  fuppofes,  it  remains  to  inquire  what  the 
law  b  which  afkualfy  obtains.  And»  as  the  vetoekieft 
bear  a  greater  proportion  to  tsit\t  other  than  Ac  reciprocal  ftb- 
duplicate  ratio  of  the  weights  of  the  bullets,  let  ns  fceh^ 
near  they.  comQ  to  the  reciprocal  fob-triplicate  latio  of  that 
weights. 

■    '     :  ,     ,  Velocity  of  Uie  bullet 

_  I    II..    .  ■■  ■  ■  m  ■  I II  I    'i  '    ^  ■    ■  1  \ 


of  the  —  ■   

btillet.      Rccip.  fub-     Erfor  of       '         Error  of     Rcctp.  fiflH 


92d 

!l!2 

»T54  * 

■  ■■  94» 

•  ^  47 

+  a 

iz% 

+  4 

10*1 

6o| . 

1604/. 

1124 

.+  54 

1278 

j6oo^ 

•  1608 

+  368 

1240 

+  40 

1280 

35*'  . 

2095 

+  '805 

f28B 

asi  ' 

2486 

I43t5 

4-  28a 

4*S< 

4.204%' 

%10^ 

+:JOt 

.ll^re  the  velocities  computed  upon  the  lafl  fuppofition  appear 
^^-a^^e^  muck  better  with- the  experiments  than  thofe  com- 
puted tipon  Mr.  ROBiNS*s  prmi^es  i  but  ftjU  .there  is  a  confr- 
deraUe  di&retice  between  tEe^a^nal  aod  ^hejoomputed  vdb(i- 

jies  in  tlie  three  laft  expcrirncnts  in  the  table. 
*  As  the  powder  itfelf  is  heavy,  it  may  be  conhdercd  as  a 
%f(da^  fib<A  i4,fi#  .ifr.matioi^ayi<»D|^  with.  t^?. ^uUf ( i..and  if  we 

iuppofc 
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iuppoie  the  deufity  of  the  geaerat«d  fluid  b  always  uRifbrm 
from  the  buHet  to  the  breech,  the  velocity  of  the  center  of 
gravity  otthc  powder  or  (which  amounts  to  the  fame  thing) -of 
tiic  elaftic  fluid,  and  the  grofs  matter,  generated  from  it  wiU. 
he  juft  hsii  ^ gt«at  44  j(ke  velocity  of  the  'builds  .  If  therefore 
Vie  P.to  denote  tl|^:.#^t  of  .tke  powder,  E  tjbe  iweigttt 
of.rtH  ktlHefW  and  VtM.  mM  .VieloGlty ;  theo  Bv^iPvs. 

f  ti .  will  expre^it  tkc  momentum  of  the  charge  at  'the . 
iiillaat  wlieii  the  bullet  quks. the  bore. 

If  now,  inflead  of  afcertaiiiiiig  the  relnt4on  of  !thc  Telocitiea 
to  the  weights  of  the,  bullets,  wc  add  half  the.  weight  of  the 
powder  to  the  weight  of  the  bullet,  «nd  compute  i  the:  velo->.* 
ckies  fipom.^the  reciprocal,  fiib-triplicate  ratio  of  the  qiiantity, 
S+TP  io  Cftdi  expetiooeat,  the  tabk  will  ftand  thug :  y 

Vchxrity  of  tKe  bullet. 


1 

* 

'Weiglitdrthe 

bullet  and  half 
the  powder. 

AAoal  .  £ 

'      i  .         '  ' 

«  « 

JSrror  of  d 

92dei^« 

•     « ■ 

1754+ 7.2i 

89*  . 

90th 

*  1184  +  72*.  . 

4017  : 

lOIl 

6oj+7a|  . 

•6oo  +  72f 

.1240 

1245 

+  5 

87th 

354+ 7ai 

1288 

1449 

,+  i6r 

«6tl^ 

251  +72I 

1430' 

158^ 

Sitli 

90  +  72! 

ai09 

4999 

TDL.LXXL  On  The 


Tlv«  agf6«meiH  WtWeen  the  a^ad  and  coinptit^df  ^-dftjtsitlftl- 

le  here  very  rcnaArkable,  and  j^artiOJlarlv  in  fh^  hve  ftrft  etpe* 
which  &i«  c^rttiaiy  tboib  Vl^^  Wllk)i  ck<  ^^Meft 

'  Aftd  hence  m  ate  enaVM^  Mr4hti«lMfte  tSe  iiitiiM*^  tlM 

aiid  i/(<Jg.  M  )'^  fbiifili«c  *^w44idl  exprei»th*waghr 
of  the  btillet)  is  as  tiie  lungth  takdn  from  A  towards  B  in  the 
ixgure  in  the  Isvexul  cxperimeaU;  aiid  as  the  veiociues  ttt  aft^ 
the  lilies  drawn  perpendicmlaff  t»  ^  |m  AB^iirdm  tcfi  fiitt^ 
'whtn  ik(s/k  leiqg^i  Jonaitssi^  as  i«,:ir,.'l0b  ttnliogf  at 

wXi  tbc.:rekt}oa  of  jk^'  aud be  ddlood       tins'  t(]iuttio» 


the  recoil  when  theg^veo  ahar||^  is-^ect  without  aojiSitttsti  it- 

willibe—r—  ^ir=r%  in  die©»rv«-fij^..i:  Beiiic  the  abfciflEi,  and' 

2  tiie  £D^^[x>n^ti^bf^bat5*lffekt-l^  ettrvc* " 
In  die-^sd  expcribienr  half  the  weight  "o^  thr  pflwibr 

was  72i  grains ;  the  wciglit  of  the  buUet  WaS  2352  grains 
(  -  :tp^  "The  recoil -(  it  a)  was  3^,25  inches,  and  Wtiil  the  -gtVCtt^ 
chaige  Withpi|t  adjfkl^ttllct  the  fccoil  (^^)  w^^  2^4  inches  \  if 
noi^)fraiibthefe  4^M|^  and  tb^Jtoowii  )o^cl*  bltUdMii^' 

<achpQ£  t^othet  ^fqperiinentsii&ithii  iet,  tlift  m»>fca  eompuatH' 

by  means  ot  iheiheoifeni  — 4t^i-^=«>  #iiladtfee  how  thfe 

jrefulc  of  riioiie  ex|)efiiaenls  agrees  with  thii^4ii«WFy'»  thus^ 


9aa 
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Wcielit  of 
thebuifeti 

■ 

Computed. 

Difference* 

• 

-  -Zl^l^ 

9otb 

1184 

2 1, 8  c 

—  0.07 

89th 

'I  \,  1  2 

X  C.2-2 

4-  0-  2 

88th 

•60Q 

+  0,07 

87th 

3^54 

+  0,84  . 

S6tli 

90 

aod^jd 

0 

4i4 

4»4 

Heretlie  agreetnent  of  ilie'<a^hial'atid  computed  teceiis  h  a$ 
remarkable^as  that  of  the  actual  and  coniputed  velocities  in  the 
/oregoiog  table. 

%f  the  %ttfe^7.*iiuiy  be  ieen  one  view<€he  taefute  of  all' 
'iliefe  eKpeiiiiients.and  <aoinpiitatio|)S,'  Hie  immbers  upon  die 
iliiie  Afi  (as  In^tfie^.  1 6.)  reprefeilt  ^  welghtf  of «lielniUet», 

•wkile  the  liiies  drawn  from  thofe  numbers  perpendicuhr  to  AB 
oil  each  iide,  and  eliding  at  the  curves         are  as  the  veiocities 

•of  the  btUkta  ia<the  feveral  experiments  ;  the  line  AB  being  the 
asb  of  die  ciims,  the  lengths  taken  fiom  A  to  the  di^rent 

■miiiilieit towards 3  (^jt)  tli^ablcifSi,  and  die  perpendiailan 

»(rs^)  the  correfponding  ordinates.  The  ordinates  to  the 
*tbe  cam  bn^  are  as  the  velocities  computed  from  tiie  theorem 

r 

and  tbe^ordinates  lolihe  amtf^  n^whidi  is  the 

logaritlimic  curve,  as  it  is  ^=^)  (hew  the  velocities  ^ompute^ 

t9QaMr««0BiNs'e  pnndfles.  The  oinre  gf  4s  dawn  60m 

U  tt  a  tte 


3^0  Mr*^iioiM^vi*^Exp0nrifimts 

the  tb«orem— ;  and  the  adual  recoil  is  snaiiei 

ti'pnn  the  ordinates  to  this  curve  hy  large  round  dots,  which  in 
ali  the  experiments,  except  the  ft6th  and  87th,  veij  neaiijr 
couicide  with  the  curve. 

In  the  fig  18.  the- numbers  upon  the  line  AB,  taken  fiomA, 
denote  the  different  charges  of  powder  u fed  in  the  courfeof 
the  experiments,  while  the  o/dinates  to  the  curve  cxprcf* 

the  velocities  of  the  bullets,  with  the  vent  at  o.  Theliaefr 

...»  >  ' 

drawn  perpendicular  from  the  line  AB  to  the  line  ef,  repre- 
ieht  the  recoil  wi^h  the  leveral^  charges  of  powder,  and  a  leaden 

bullet  ;  and  the  portion  ol  thofe  lines  thaP  is  comprehended 
between  the  line  AB  and  the  line  gb^  denotes  the  recoil  whea 
the  given  charge  was  fired,  without  any.  bullet. 
.  Having  now  fliewn  b;^  experiment  the. relation. o£  thi  vekxsr. 
ties  of  bullets  to  their  weights,  when  care  Is  taken  to  prevent 
intirely  the  loTs  of -force  by  the  efcape  of  the  elailic  fluid 
through  the  vent  and  by  the  wind.ige,  I  fhall  leave  it  to  ma- 
thematiciaiis^  to.  determine  ffom  thek  ,daia.  th^  jpiopeities  of- 
rfiat  fluids  .  I  .    .      .  ' 

But,  heme  I  take  mj  leave  of  this  .fub^ea,,  I  would>(lob- 
fcrve,  that  Mr^KOBiNs  is  not  only  miffaken  in.  the  principle  he 
aflumes,  nipcdiiig  tlie  relation  of  the  elafticity  of  the  fluid 
generated  fi:om  gun-powder  to  its  denfit)f,  or  rather      law  of 
its  action  upon  the  bullet  as  it  exp^n^s  in  the  liQ|^  i')mi.lus> 
detenmnacftoi^  .of  the  force  of^gun-povifder  is.  alio -.erronms^. 
even  upon  his  own  principles :  for  he  determines  its  forceto.be 
Iddo  *tiBtes  "greater  than  the  mean  preffure  of  the*  atmo 
(phcre ;  wherqas  it  appears,  frpm  the  refylt  of  the  p^d  expcri* 
went,  that  its  force  is  at  leaib  ijjo^  tun<is  "greater  than  ttie 
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mean  preiTui  c  of  the  atmofpherc,  as  wUl  be 'evident  %o  t])ofe 
Vfho  wiU  take  the  trpubie  to  make  the  computation, 

4 

Of  OH  4Mmft  to  deiinm»e  tb$  expi^h»  force  of  aunMn  fulmi- 
nanSy.  or^afmparifonUimjm  iujhrct  mid;tbat  of  gm-powkr»  . 

Having  provided  mjieif  with  a  fmall  quantity  of  this  won- 
der^Ipowder^  upon  the  jgoodnefs  of  which  I  could  depend,  I 
endeavoured  to  aicertain  its  explore  force  by  making  ufe  of  it 
bftead  of  gun-powder. for  diichar^ng  a  bullet^  and  meafuring, 
by  meant  of  the  pendulum,  theyelbcity  which  the  bullet  ac- 
quired i  and  concluding,  from  the  tremendous  report  with  which 
this  llibflance  explodes,  that  its  elaitic  force  was  vailly  greater 
ttu^i  that  of  gttn«powder,  I  took,  care  to  have  a  banel  piovided 
of  iincom^ipn  ftiength^  on  purpofe  for  the  ezpcriaoenti  Itr. 
knglh  in  the;  bore  is  1 3^25  inches,  tfae»  diameter  of  the  bore  ia 
0^55  of  an  inch,  and  its  weight  7  lbs.  202.  It  is  of  the  bell 
iron,  and  was  made  by  v/ogdon  ;  and  the  accuracy  with  which  . 
it  is  finiOied  does  credit  to  the  workman. 

.  Xto  Ibajccdl  teu)^  chaiged  with  one  toeenth  of  .an  ounce . 
(^27,34  graias)>of  mirum  fklmmim^  :and  two  leaden  btiUet8» . 
ninch,  jogetiher'  with  the  leather  that  was  put  about  them  to ' 
make  them  fit  the  bore  without  windage,  weighed  427  grains ; . 
It  was  laid  upoti  a  chaffingrdi£h  of  live  ^oals,  at  the  difiaiice  of 
about  10  feet  from  the  pendulum,  and  againft  the|€eDter.of  the-. 
t9i]g^  of  the- peodnlnok  the  piece  waa  direde^^ 

;  Having  foaiied  the  barnsl  in  fuch  a  manner  that  ita  diredion  -. 
fhould  not  alter,  I  retired  to  a  little  dlftance,  in  order  to  be  out_ , 
ot  danger  in  cafe  of  an  accitient,  where,  i  waited  in.^  anxious,.^ 
cj^neQa^io^  the  event,  of  the^jgloiio^ 


3ii  ^*  mommmh  Enfmhmm 

I  had  remained  in  this  iityattoti  feoie  nuntilea,  and  almoft 
defpaired  of  the  ei^peri  merit's  Luc  cording,  wheu  the  powder 
exploded,  but  with  a  €e$ott  inEoitely  kis  than  what  I  expeded, 
thp        not  g;reatlj  exceeding  the  rcsport  of  a  wcU-chaigjcd 
wind  gun.;  and  k  was  ftOt  dll  I  faw  the  ^eRdnkm  in  wtfofm 
that  I  could  be  pentiaded  iliat  the  boUets  had  been  dMHiaf<ge& 
•I  found,  however,  npon  exammation,  that  nothing  was  left  in 
•the  barrel|  and  ifoixi  tlic  great  number  of  fmall  particles  of 
'  revived  BMtat  that  were  difper^Ml  aboyt»  1  had  retlMi:  ee  think 
that  alltke.p«wder  had-expbdod* 

'Thebiit|fitsiflnidcthe|>enAtkini  mMsf'ii  llie'eeaier  of  ibe 
target,  and  both  of  them  reniMned  ih  the  weed :  and  I  hm^ 
upon  flttJtking  the  calculation,  that  they  had  tmpie^ged  agiin/^lt 
•with  a'vdocitjr  of  428  feet  in  a  fecond, 

'If  we  now  ilippofethat  tbe  ibree  of  mtrmfukmrn  ai^ 
'from  t(ie  adioa  of  an  d^ftic  fluid  that  ie  fenenUBd  fiieiDil'iii 
the  moment  of  its  exploiion,  and  tihflU  the  ekdlieil^' 4)f  iMl 
fluid,^  or  rather  the  force  it  exerts  upon  the  bullet  as  it  goes  on 
to  expand,  is  alw^s  as  its  denhtjr*  oronverfeljr  as  the  ipfioe  it 
«ccttpie84  theni  -fHwa  the  known  dimeBfimis  of  the  bawel,  die 
len{;tb  cit^  fpace  oecupttid  kef  ^^^batge^wluck 
|>erlment  was^,47  of  an  incK),  and  the  wttgbUjnid^T^ip^lf 
the  buUfcts,  the  elaftic  force  of  this  fluid  at  the  inflant  of  iH 
.generation  may  be  determined :  and  I  find,  upon  making  th© 
-odqvVLl^llpoii  tfa^  prindples,  that  its  £u:oe  turns  out  ysf 
'times  greater  than  the  mean  el^c -force  of  eommMi  arw 

According  to  Mr.  vobins^  tbeoty,  the  eUKe  ^ftwee  ti  4» 
*'fltud  generated  from  gun-powder  in  its  inflammadon  is  r,oe^ 
time^  peatcr  than  the  mean  preffure  of  the  atmofphere ; 
'^e  force  of  mtrum  Jkkunam^  therefore,  appears  to  be  ta  that 
q(  m^ponvder  as  ^7  b  to.i»ooo^  er  «94   to  t^msfm^^ 

.7  ^ 
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(y  ibe /fecj^  gravity  of  gun-powdir. 


V  • 


To  determine  the  ^ecific  gravity  ef  gun-powder  I  made  ufe 
of  the  following  method.  A  large  glafs  bucket,  with  a  narrow 
iDoatb^  being  i\ifpen(fod  to*  one  of  the  arma  of  a  very  nico 
biknoa^  andl  tm&if  anrntep^paled  By  wc^lkfb  pot  in  tlie  op^ 

in  I^My^r  tiMsn  with  Ae^ftmii  poiedW  ikalmf^  togethei^^ 
afterwards  wkli?  porn^r  and  wate]"  together^  and  lafUy  with 
iTAter  alone^  ttA  vHw^taSt  tiie  csdMnteaf  the  butduft  went 
vnycsaaiy  tM^[{bi£  •  • 


Govcjcnjoaent  powder  well  Aaken  to^^pther  •  ®t9J/ 
jartidi5^.bcettJ5yt    •.      ^  • 


I  .... 


■  MIS? 


Mr.  xkomh^^  Si^ftrkmgfM 


MISCELLANEOUS  EXPERIMENTS. 


rlt  las  htea  iuppofed  by  maoy,  tibtt^  the  feroe  of  ftnwi'ift' 
tvcD  greafer  thdn  that  iif^gudr-povtrdertrttifKl  chat  if  a  quantity 
pf  water,  confined  in  the  chamber  of  a  gun,,  could  at  once  be. 
saii^edinto  iteam,  k  would  impel  a  bullet  with  procUgtous  ve- 
hadty* .  Several  attempts  have  been  made  to  Qioot  bullets  in  thi^* 
manner;  but  I  know  of  none  that  have iuoceeded  ;  at  leafi  {or 
firoi  to  .nwder  it  pm>iahlr  that  waM>cia'evarbertthi$ltiiCei(ISii 
the  room  of  gan*povr<ier  far  milittiy  |itii;fb(b,}  aft;liwie.have: 
imagined. 

The  great  difficulty,  tliat  attends  making'  thefe  ex^InA^hts' 
lies  iii  tinding  out  a  method  by  which  the  ^ater  can  at  ohce  be' 
rarified,  aind  converted  into  elaftic  fleam;  and  it  occurred  to 
me,  that  poilibly  that  might  be  efTcded  by  means  of  gun-poiv*  ^ 
der,  by  confinrng  a  (mall  quantity  of  water  in  fbme  V6ty  thin 
filjifQstace^  «qj4bSino9t|4i«K,!M  iiicloiiiig.it  with  M9d 
aftttr^da  f^^jokgsfijra  to  the  <;harge.  Tho  method lOonk 
fik  •was  as  'fiit^ws. :  4iaying  .propired  a  nw&bet  oC  ^ir  Uad* . 
ders  of  very  imalt  fiihes,  I  put  different  quantities  of  water- 
into  them , ffpmthe  iize  of  a  fmall  pea  to  that  of  a  fmali  piilol 
bullet,  and  tying  tliem  iipxiolc  with  fome  very  fineiliread,  I 
hung  up  theie  little  globules  in  the  open  air  till  they  were  quko 
dij  on  the^outiide*   I  then  provided  a  number  of  cartridges 
rmde  of  '&ie  popert  and  filled  them  widi «  kaowB  quantity  of 
powder,  equal  to  ^e  cufiomary  charge  fyt  m  common  horfe* 
oiai^jiflol;  aiul htwgkidcd  inch  a  plM  with coeof  them 

-  and 
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upon  Ganpo-di'der^  &g.  ji^.- 
and  a  fit  bullet,  I  laid  it  down  upon  the  ground,  and  direding 
it  againft  ati  oakttQ  plank  that  was  placed  about  fix  feet  from  the 
muzzie,  I  fired  it  off  by  a  train,  and  carefully  dbferved  the 
recoil,  nnd  alfo  the  penetration  of  the  bullet.  I  then  took 
I'evcral  of  the  filled  cartridges  that  remained,  and  noiuiiig  out 
part  of  the  powder,  I  put  one  or  more  of  the  incle  bladders 
filled  with  water  in  the  center  of  the  cartridge,  and  afterwards 
pouring  back  the  remainiDg  part  of  the  charge,  confined  tho 
water  in  the  midft  of  the  powder- 

With  thefe  cartridges  and  a  rit  bullet,  the  piftoi  was  fuccel- 
fively  loaded,  and  being  placed  upon  the  ground  as  before,  and 
fired  by  a  train^  the  recoil,  and  the  penetration  of  the  bullets 
were  observed;  and  I  conibntly  found»  that  the  force  of  the 
chatge  was  very  fenfibly  <&mniihed  by  the  addition  of  the 
globule  of  water,  and  the  lugcr  the  quantity  of  water  was  that 
was  thus  confined)  the  lefs  was  the  efFe£k  of  the  charge  ;  nei- 
ther the  fccoil  of  the  pifloU  nor  the  penetration  of  the  bullet^ 
bemg  aear  equal  to  what  they  were  when  the  given  ijuantity 
of  powder  was  ftred  without  the  water ;  and  the  report  of  the 
explofion  appeared  to  be  lefiened  In  a  ftiU  greater  proportion 
than  the  recoil  or  penetration. 

Concluding  that  this  diminution  of  the  force  of  the  charge 
arafe'j&om  the  burfting  of  the  little  bladder^  and  the  difperiion 
of  the  water  among  tibe  powder  before  it  was  all  inflamed,  by 
which  a  great  part  of  it  was  prevented  firoirt  taking  fire,  I  re^. 
peatcd  the  experiments  with  highly  re£tified  fpirits  <rf  wine  in- 
ftead  of  water ;  but  the  rciblt  was  nearly  the  fame  as  before : 
the  force  of  the  charge  was  conlhntly  and  very  Icnfibly  dimi- 
niAed.  I  afterwards  made  ufe  of  etherial  oil  of  turpentine* 
and  then  of  fmall  quantities  of  quickfiiver  i  but  ftill  with  no 
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better  fuccefs.  Every  thing  I  mixed  with  the  powder,  Jnftead 
of  ir.creaiing,  fervcd  to  lefleii  the  force  of  the  charge. 

Thefe  trials  were  all  made  I'everal  aiontbs  before  T  began  the 
courfe  of  my  experiments  upon  gun^powder,  which  I  haw 
already  given  an  account  of ;  and  though  they  were  altogether 
unfucccfsful,  yet  I  refumed  the  inquiry  at  that  time,  and  made 
feveral  new  expcrlnu'nts,  with  a  view  to  tind  out  romcthing 
that  (hould  be  ftrongcr  than  powder^  or  which,  when  mixed, 
with  it,  ihould  incrcafe  its  force. 

It  Is  well  known,  that  the  elaillc  ibrce  of  quickfilVer  con* 
Vwited  into  vapour  is  very  great ;  this  fubftance  I  made  ofeof- 
in  mv  former  trials,  as  I  have  juil:  obferveu,  but  w  ithout  luc- 
cels.  I  thought,  however,  that  the  failure  of  that  attonpt 
might  poi&bly  be  owing  to  the  quickfilver  being  too  much  vi^ 
body,  by  which  means,  the  fire  could  not  a^  upon.  iMo  the 
grcateft  advantage ;  but  that  If  it  could  be  divided  into  cxceedp- 
ing  fmall  particles,  and  fo  ordered  that  each  particle  migbtbe 
COiiipletely  furrounded  by,  ai^d  expofed  to,  the  a£llon  of  the 
flame  of  the  powder,  it  would  be  very  ioou  heated,  aiidpolTibly 
might  be  converted  into  an  .daiUc  ileam  or.  vapour,  betoie  the 
bullet  could  be  fenfibty  lemoved  from  its  plac8»  Tp  d^teraiiae 
this  point  I  mijccd  20  grains  of  aethiops  mineral  veiy  intimate^r 
with  145  grains  of  powder,  and  charging  the  piece  with  this 
compound,  it  was  loaded  with  a  fit  bullet  and  fired ;  but  the 
force  of  the  charge  was  Icfs  than  that  which  the  powder  alone 
would  have  exerted,  as  appears  by  coi^iparing  the  76th  and  771^1 
experiments  with  tlie  79th. 

Common  puhis  fulminans  is  made  of  one  part  of  fulpKur, 
two  parts  of  fidt  of  tartar,  and  three  parts  of  nitre ;  and  if  we 
may  judge  by  the  report  of  the  explofion,  the  daftic,  force  ot 
this  compound  is  confidcrably  greater  than  that  of  gan^powdcr. 

I  was 
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I  was  willing  tokc  thcetTcd:  of  mixing  Idli  of  tartar  with  gun- 
powder, and  accordingly  having  provided  lome  of  this  alkaline  *' 
fait  in  its  pured  ftate,  thoroughly  dry^  aiid  in  a  fine  powder,  I ' 
mijced  20  grains  of  it  with  145  grains  of  gun -powder;  and 
upon  diicharging  a  bullet  with  the  mixture,  I  found  that  the 
alJ^line  fait  had  confiderably  lellened  the  force  of  the  powder. 
See  experiment  78. 

I  next  made  ufe  ot  Jal  ammoniacum.  That,  fait  has  been 
found  to  produce  a  very  large  quantity  of  elaflic  air,  orv^pour, 
when  expofed  to  heat  under  certain  drcumibQCes ;  but  when 
20  grains  of  it  were  mixed  with  a  charge  of  gun- powder,  in- 
Itcad  01  aciditig  to  its  force,  ic  JiuiiiuiliLd  k  very  fcnfibly.  See 
the  Sodi  expcrinient. 

Moil,  if  not  all,  the  metals,  are  thought  to  produce  large 
quantities  of  air  when  they  are  difiblved  in  proper  menftrua^  and 
particularly  brafs,  when  it  is  diilblved  in  fpiirit  of  nitre.  De- 
firous  of  iceing  if  tlils  could  be  done  by  the  flame,  or  acid 
vapour  of  fired  powder,  I  mixed  20  grains  ot  brals  in  a  very 
fine  powder,  commonly  called  brais  duft  (being  the  Imall 
particles  of  this  metal  that  fly  off  from  the  wheel  in  iharpening 
pins),  with  145  grains  of  powder,  and  with  this  compound 
and  a  fit  bullet  I  loaded  my  barrel  and  di(charged  it ;  bur  tho 
expciUiient  (N"  81.)  (hewed,  that  the  force  of  the  powder  was. 
not  iucrealed  by  the  addition  of  the  brafs  dull,  but  the  con- 
trary. 

it  ieems  probable^  however,  that  neither  brafs  duil  ndr 
setbiops  mineral  are  of  themfelves  capable  of  diminiflitng  the 

force  of  gun- powder  in  any  con  liderable  degree,  otherw'ife  than, 
bv  filling  up  the  i  11  terftices  between  the  grains,  and  obftru^ling 
the  paflage  of  the  flame,  and  lo  impeding  the  progrcfs  ot  the  in- 
^ammatioBt   And  hence  it  appears,  how  earthy  particles  and 
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.  ixyipiifitks  of  aU/kittds  are  ib  very  detrimentai  to  gun-fNmder. 
- .  It  is  not  that  thev  defttoy  or  alter  the  properties  of  ^aoj  of  the  ' 
boffies  of  which  the  powder  is  compofed,  but  fimply,  that  by 

obilriif^ing  the  progicjo  of  the  inflammation,  they  lefl'eii  iis 
force,  and  render  it  of  Utile  or  no  vnhie.  Too  much  care, 
theretbre,  cannot  be  taken  in  manufacturing  powjder  tote 
the  materials  from  ail  heterc^neous  matter.  \ 

OJ  an  attempt  to  Jlmt  Jiame  in/lead  of  bullets* 

Having  often  obferved  paper  and  other  light  bodies  to  come 
out  of  great  guns  nnd  fmall  arms  inflamed,  I  was  led  totiy  if 
:  Other  inflammable  bodies  might  not  be  fetonflre  in  like  man- 
ner, and  particularly  inflammable  fluids  i  and  I  thought  tf  this 
could  be  effected,  it  might  be  poflible  to  project  fuch  ignited  , 
bodies  by  the  force  of  the  exploiion,  and  by  that  means 
communicate  the  fire  to  other  bodies  at  fbme  coniiderable 
diftance ;  but  in  this  attempt  1  iiuled  totally.  I  never  could  \ 
fet  dry  tow  On  fire  at  the  diftance  of  Ave  yards  from  the  i 
muzzle  of  my  barrel.  I  repeatedly  diicharged  large  wads  I 
of  tow  and  paper,  thoroughly  foaked  in*  the  moft  inflammable 
fluids,  iuch  as  alkohol^  atherial ffirit .  of  turpentiney  baljam  of 
fulphur,  &CC, ;  but  none  of  them  were  ever  ^fet  on  fTre  hy  the 
exploflon.  Sometimes  I  difcharged  three  or  four  Ipoooiiiis  of 
the  inflammable  fluid,  by  interpofmg  a  very  .thin  wsdef  cork 
over  the  powder,  and  another  over  tiie  iluici  ;  but  ftill  with  no 
better  fuccefs.  The  fluid  was  projeded  againft  the  wall  as  be- 
fore, and  left  a  mark;where  it  hit;  but  it  never  could  be  made 
to  take  Are ;  fo  1  gave  up  the  attempt.  If  it  had  fucceedcdt 
probably  it  would  have  turned  out  one  of  the  moSt  important 
•diicoveries  in  the  art  of  war  that  have  been  made  fince  dx 
invention  of  gun-powder. 
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XVL  Account  of  a  luminotu  Jfpearanee  in  the  Hiovtns.  By 

Mr,  I'ibcrius  Cavallo,  F.  R.  S.  in  a  Letttr  to  Sir  Jofeph- 
Banks,  BarL  F.  R.  S. 

Aead  Apni  59  ij^u 

1TAKE  the  liberty  to  fcad  you  an  account  of  a  luminous 
appearance  oblerved  iaft  night  in  the  heavens,  which  feema- 
.to  be  very  fingular  in  its  nature,  and  quite  diiliudi:  from  the 
aurora  hrtaOs* 

At  about  half  an  hour  paft  nine  yefterday  evening,  being  the 
27th  of  March,  a  white  light  began  to  be  (een  in  the  ikj,  which 
became  gradually  more  and  more  denfe  till  ten  o*clock,  at  which 

time  it  formed  a  compK  it  luininous  arch  Irom  call  to  wcih 
Of  this  1  have  been  uiformed  by  others ;  but  at  a  quarter  naft 
(en  i  went  out  of  the  houfe  and  obfcrved  it  myfeif.    At  that 
time  it  appeared  to  bean  arch  of  about  ioven  orei^t  degrees  in 
breadth  extended  from  eaft  to  weft,  or,  as  ibme  of  my  friends 
imagined,  in  the  dire^ion  of  eaft  by  north  to  weft  by  fouth. 
Itsweftern  part  quite  reached  the  horizon;  but  the eaftem part 
of  the  arch  feemed  to  begin  at  about  50'  or  60*  above  the  hori- 
zon.   It  did  not  pafs  through  the  zenith  but  at  about  8"  or  10® 
.  fouthward  of  it,  and  it  was  nearly  perpendicular  to  the  horizon. 
The  whitenefs  of  this  arch  was  much  denfer  than  that 
any  aurora  boreaiis  I  ever  obferved,  though  it  did  not  caft  fo 
much  light  upon  the  tenreftrial  objeAs.   Towards  the  middle 
it  was  fo  denfe,  that  the  ihrs  over  which  it  pafled  were 
I  eclipied ; 

Digitized  by  Google 


330    Mr»  cAVALLo's  j^ccQunt  of  a  luminous  Appearance^  &c. 
eclipfed  ;  but  jjie  Tides  of  this  luminous  arch  were  more  faint 
and  tranfparent. 

The  inclofcd  drawing  fhcws  Its  appearance  at  about  half  an 
hour  paft  ten  o'clock.  At  about  three  quarters  paft  ten  it  beg^in 
to  lofe  its  brightnefs,  firfV  at  A,  and  then  vanifhed  gradually,  fo 
that  at  eleven  o'clock  none  of  it  could  be  perceived.  As  fooii 
as  any  part  of  this  arch  loft  its  denfe  whitenefs,  the  ftars  ap- 
peared through  it  quite  diftindt,  fo  that  it  could  not  be  a  cloud. 
The  light  alio  lecmed  to  vanifh  without  change  of  place;  for 
it  did  not  appear  to  be  difperfed  through  the  (ky,  or  to  be  driven 
in  any  direction. 

This  extraordinary  appearance  to  me  feemed  quite  diftind 
from  the  aurora  borealis  for  the  following  reafons,  i;;z.  becaufc 
it  eclipfed  the  ftars  over  which  it  pafled  ;  becaufe  its  light,  or 
rather  its  white  appearance,  was  ftationary  and  not  lambent; 
and  becaufe  its  direiStion  was  from  eaft  to  weft. 

The  atmofpliere  was  in  other  refpedts  very  ferene,  the  ftars  fliin- 
ing  very  bright,  and  no  cloud  appearing.  The  northern  light 
was  exceedingly  faint,  and  very  low  about  the  northern  point  of 
the  horizon.  The  wind  was  nearly  north-eaft,  and  it  could  be 
juft  perceived  in  the  ftreets. 
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XVII.  Accomi  of  an  EarthquaU  at  Hafodunos  mar  Denbigh. 
By  John  Lloyd,  Efq,  F^  JL  S,  In  a  Leiier  to  Sir  Jofeph. 
Banks,  B0rt,  P.  R,  S. 


Read  April  5,  ijSi*. 

Hafodunos  near  Denbigh,', 
I>EA-R  S'lHi  Dec.  31,  1781. 

UPON  the  2^th  day  of  lafl:  Auguft,  at  8h.  37'  30',  I, 
was  fitting  on  my  *  bed -fide,  and  heard  a  rumbling , 
noiie,  as  if  at  a  di(bnce:.the  found  feemed  to  approach  me, 
and  when  it  was  greateft  the  bed  rocked  and  (hook  fo  much 
that  I  could  fc.ircciy  keep  my  feat.    1  could  have  no  donht  of 
its  being  an  earthijuake,  and  inftantjy  looked  at  my_  barometer, . 
which  is  of  Mc.  de  j.vc*8  conftru6tion ;  it  Aood  at  29.57  it^<^hcs* 
Attached  thermometer  65^  .  The  barometer  had  been  ilationary 
nearly  for  the  three  preceding  days,  and  did  not  feem  to  be 
affcdcd  with  the  flioek.    The  morning  was  remarkably  ihu-, 
and  not  a  iinglc  cloud  to  be  I'een.    Two  of  my  lifters  and  a 
gentleman  were  walking  upon  the  ternxe  in  the  garden  hy  the  . 
iide  of  a  wall :  they  all  perceived  the  noifet  at  firft  as  if  at  a 
great  diftance;  but  when  it  was  greateft  they  perceived  the 
wall  to  (hake,  thougli  they  did  not  ohfervc  any  agitation  under 
their  fccr.  As  they  were  walking,  and  obfcrvcd  the  Ipot  when 

*  This  hoiifc  is  built  tipon  tlie  fide  of  a  rock  ;  ;ni(i  niy  hed-chimber,  diougii 
up  tuo  jia  r  t  i  flairs  "8  on  a  ground-floor,  the  floor  is  not  r.ioie  than  one  foot 
fronvibe  iolid  rock  in  my  bed-chamber.- 

they 
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they  firil  heard  the  found*  and  the  fpot  th^  came  to  when  i( 
ceaied,  I  was  enabled  to  afcertain  its  duration  pretty  ezadlj, 

and  find  It  to  have  been  from  iiftccn  to  eigbtcLii  feconds.  Its 
CDurle  was  nearly  troin  iouth-cnft  to  north-wcfl:.    borne  other 
perfons  in  our  hotifc  perceived  a  double  iKock ;  and  this  has  been 
obferved  by  many  who  felt  it  iu  othei^  places*   It  was  felt  at 
Flint  by  Mrs.  seaman  and  her  daughter,  who  obierved  the 
cups  rattled  upon  the  faucers  as  they  (at  at  breakfoft.  Mr* 
pennant's  family,  at  Downing,  fancied  that  an  emptjr  wag- 
gon was  coming  into  the  back-court,  which  is  paved*   it  was 
ftrongly  felt  at  Llonrwil  by  the  whole  town,  and  part  of  a 
ftone  wall  was  flung  down.   At  Carnarvon  (which  is  in  the 
fame  ptirallel  of  latitude  as  this  place,  ^  -^  lo')  the  (hock  was 
very  flight*    It  was  perceived  in  many  places  about  Conway; 
but  not  at  all  by  any  one  in  town*    Sir  hugh  Williams  felt 
it  very  ftrongly  at  his  houfe  near  Beaumaris*    At  our  friend  Mr* 
]>Avi£s*s,  in  that  town,  a  door  clapped  backwards  and  forwards 
(everal  times ;  and  at  Lord  bvlkeley^s  (eat.  Boron- hill,  the 
family  were  much  alarmed,  it  was  lb  violent.    It  was  ftronglf 
felt  at  Holyhead,  and  at  an  eminent  lolicitor^s  in  the  Ifland  of 
Angleley,  the  delks  before  feveral  clerks  in  his  office  (hook  lo 
that  they  could  not  write*    It  was  ftrongly  perceived  at  Mr* 
FiTZMAVRiCB*s,  at  L*leweny-hall  in  the  Vale  of  Clwyd,  and 
in  (everal  other  places  in  that  Vale*   All  the  pentnflila  in  Car> 
narvonfhlre  called  Llun,  furroundcd  by  St.  George's  Channel, 
was  Ihook  very  muchi    There  have  been  two  Hiocks  lince  this 
I  have  been  describing.  Mr.  pennant  felt  one;  but! was  not 
feufible  of  either.   The  times  it  was  felt  at  diiier  very  much  on 
account  of  the  variations  in  the  feveral  dials  from  whence  the 
clocks  are  regulated ;  but  I  am  very  cxa£):  as  to  my  own  time^ 
having  tlie  day  preceding  the  earthquake,  and  that  very  day, 

afcertainod 
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afcertained  my  time  by  equal  altitudes,  taken  with  one  of  Mr. 
BZBD*B  aftrouomical  quadrants  of  one  foot  radius.  As  evefjr 
phenomtnoa  of  this  kind  ifi  iuterelling,  you  majr,  perhaps* 
wUh  to  commuaicate  thii  aooouat  to  the  Royal  Societj ;  which 
you  are  welcome  to  do,  if  yo«  think  it  worth  the  attention  of 
(b  illuftriout  a  bodj^ 

I  have  tlie'hpnour  to'be,  &c. 
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XytlL  On  the  ITcdi  of  the  WaUr  iti  the  Gulf-jhwm.  Bf 

ONE  of  the  moH:  remarkable  facts  oWcrveduif  ncKigudn^ 
the  ocean,  U  that  conftaiit  and  rapid  cnrrenfe  which 
along  the  coafl  of  North  America  to.  the  nortliward  and  eafi* 
ward,  and  is  commonly  known  to  fcamen  br  the  name  of  the 

Giilf-ftream.  It  feems  juftly  atnibuted  to  the  crFccl  of  the 
trade-winds,  wfilch  blowiug  fronr^  the  eaftern  quarter  into  the 
great  Gulf  of  Mexko,  "^avle  tbete  «x:i3mukitbn  of  the 
water  above  the  coiteQR  'lcyiEl  -ol*  thi^iibii ;  ia  conicquence  of 
yvhich.  It  i8>  cofiAandy  naunlng  oorl^ithe  chaonel  where  tc 
finds  leaft  refillaiict,  that  is^  thi  tninh  the  Gulf  ot  Florida^ 
ivlth  fuch  force  as  to'con^imje  a  diitiiicl"  ftream  to  a  very  great 
diftance*  Siiice  ail  Ibips  going  from  Europe  to  any  of  ihfr 
fbuthem  provinces  of  North  America  mud  crofs  this  cttrrent^ 
and  are  matenally  affected  by  k  in  their  courfe,  eveiy  circom* 
ftance  of  its  motion  becomes  an.obie€t  highly  interefting  to  the 
leaman,  as  well  as  of  great  curiofity  to  the  phllofopher.  Aw 
obl'ervation  which  occurred  to  me  on  the  Ijpot  fuggells  a  new 
method  of  iuveiligadng  a  matter  that  appears  fo;  worthy  of 
attention.. 

During  a  voyage  to  America  iu  the  fprlng  of  the  ycap  1776,1 

ulLd  rreqiiinti  v  io  examine  the  heat  of  fc..-\vater  newly  drawn, 
ia  order  to  compare  k  witix  that  of  the  air.  We  made  our  paliage 
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fnr  to  the  foiitlrwafd.  In  this  Htuation,  tlie  greatefi  heat  of  th^ 
watef  w^ifeh'  r  oblbrvcd  was  fuch  as  raifed  tlTe'  quickfilvcr  in 

f  ahrenheit's  rhcimoil-ierer  to  7^'|»    TIii.>  happened  twice; 
the  fir  ft  time  on  the  Toth  of  April,  in  hirltutle  iC  lo'  N.  and 
longitude,  by  our  rickoning,  52'  \V ;  and  the  fccoud  tinie> 
thr^  dav"^  afterwards,  in  ktitude  22°  7'  and  longitude  55^* ;  but  . 
in  general  the  heat  of  the  (ea  near  tlie  tro|>ic  of  Cancer  about' 

themiddleof  April'ivas  fbm  76*  toy7V  '  ^  ^  '  * 
The  rendezvous  appointed  for  the  .fieet  hcifig  ojf  tape  Fear*" 
oufcoufle,  on  approachifigthe  Artifeficart  coaft,  became  noit!^- 
wcftw'nrd.  On  the  23d  *  of  April  the  heat  of  the  lea  was  -4% 
our  latitude  at  noon  28'  y*  N.  Next  day  the  heat  was  only 
71  ^ ;  we  were  then  in  latitude  1 1'  \  the  heat  of  tile  water,' 
therefore,  was  now  leflening  very  faft  irt  proportion  to  the 
change  of  latitude.  The  a  5th  our  latitude  Wa^  ji**  y;  hjut 
thougK  we'had  thus  gone  alifioift'i^  farther  tO'  the  northward,; 
the  heat  bf  the  ifea  Wiii  this  day  rAthtr  ificreaied,  it  being  72^ 
ill  the  morning,  and  72^!  in  the  evening.  Next  day,  the  26th 
of  April,  at  half  after  eight  in  the  morning,  I  again  plunged 
the  thermometer  into  fea-water,  and  was  greatly  furprifed  to 
fee  the  quickfilver  rife  to  78°,  higher  than  I  had  ever  obierveji 
lt»  even  within  the  tropk.  As  the  difference  was  t<)0  great  ta 
be  imputed  to  any  accidental  variation,  I  immediately  c6nceive<i 
that  we  mtfft  haVe  come  Into  t&e  Culf-fii«am,-the  water  of 
which  tlin  retained  great' part  of  the  Heat  fli'af  it  had  acquired 
in  the  torrid  zone.  Tins  Idea  was  confirmed  by  the  fubfequenb- 
regular  aiid  quick  dlniinutlon  of  the  lieat :  the  Ihip's  rurt 
for  ^  quarter  of  an  hour  had  leffened  it    i  the  tliermometer* 

•  Fropi  the  ^iflereace  b<twc«n  lii»il«iid  tiaatical  tlncf  k  bcfoyitt  nacefiry 
«b£enret  tliat  die  ftwiMr  U  alwajn  meant  in  thU  paper, 

Y  y  a  at 
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at  three  quarters  after  eight,  being  raiCed  by  fea-watet  fireih 
drawn  ouly  to  76** ;  by  nine  tbe  heat  was  reduoed  to  75%  and 
in  a  quarter  of  an  hour  rnore^  to  71'  nearly :  all  this  time  the 
wind  blew  frefh,  and  we  were  going  ieven  knots  an  hour  on  a 

north-vvcll:eni  courfe.  The  water  now  began  to  lofe  the  fine 
traufparent  blue  colour  of  the  Oceaii^  aiMl  to  ailume  (broething 
qf  a  greenKh  olive  tinge».  a  well-known  indication  of  ibuad- 
ings*  Accordingly,  between  {bur  and  five  in  the  afternoon 
ground  was  llruck  with  the  lead  at  the  depth  of  eighty  fathom^ 
the  licAt  of  the  lea  being  then  reduced  to  691^  In  tlie  courfeot 
the  following  night  and  n^xt  day,  as  we  canne  into  fhallower 
water  and  nearer  the  laiid^  the  temperature  of  the  iea  gra* 
dually  funk  to  65%  which  was  nearly  that  o£  the  air  at  tbe 
time* 

Unfortunately  bad  weather  on  the  ^th  prevented  m  from: 

taking  an  obfervation  of  the  fun  ;  but  on  the  27th,  though  it 
was  then  cloudy  at  noon,  we  calculated  the  latitude  from  two 
altitudes,  and  found  it  to  be  33"  z6'  ISL  The  diffeicnce  of  this 
latitude  from  that  which  we  had  obferved  on  the  x$th^  being 
i*  23%  was  fo  much  greater  than  could  he  deduced  £roin  the 
Ihip^s  run  marked  iii  tiic  log-bouk,  as  ta  convince  the  (czmcn 
that  we  had.  been  fet  nuay  mUes  to  the  northward  by  the 
current. 

On  the  25th_at  noon,  the  longitude  our  reckotdng 
was  74*  W.,ajid  I  believe  the  computation  to  have  been  pretty 
juft ;  but  the.fbundings,  together  with  the  latitude,,  will  deter- 
niine  the  fpot  where  thefe  obfervations  were  made  better  than 
any  reckoning  frgm  the  eaftward.  The  Ihjp's  run  on  the  z6th, 
3firom  mne  in  the  forenoon  to  four  in  the  afternoon^  was  about 
imiltuigues  <»i  a  north-weft  by  north  courfe;-  fooa  afterwards 

we 
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we  hove-to  m  order  to  found,  and,  finding  bottom,  we.went 
very  flowly  all  night,  and  till  noon  the  next  day. 

From  theTc  oblci vatioiis,  I  tlunk,  it  may  be  concluded, 
that  the  Gulf-ftreara,  about  the  33d  degree  of  north  latitude, 
and  the  76th  degree  of  longitude  weft  of  Greenwich,  is,  in 
the  month  of  Aprils  at  leaft  fix  degrees  hotter  than  the  water 
of  the  iea  through  which  it  runs*   As  the  heat  of  the  fea* 
water  evidently  began  to  increafe  in  the  evening  of  the  15th, 
and  as  the  obl'crvatioiis  fhew  that  we  were  getting  out  of  the 
current  when  I  firft  tried  tlie  heat  in  tlie  morning  of  the  26th, 
it  is  mod  probable,  that  the  ibip*s  run  during  the  night  is 
nearly  the  breadth  of  the  ftream  meafiired  obliquely  acrofs ; 
that,  as  it  blew  a  frefli  breeze,  could  not  be  much  le(s  than 
tvvcaty-five  leagues  in  hUecii  liours,  the  dillance  of  time  be- 
tween the  two  obfervations  of  the  heat,  and  hence  the  breadth 
of  the  ftream  may  be  eftimated  at  twenty  leagues.  The  breadth 
of  the  Gulf  of  Florida,  which  evidently  bounds  the  ftream  at 
its  ori^,  appears  by  the  charts  to  be  two  or  three  miles  lefs 
than  this,  excluding  the  rocks  and  fand-banks  which  furround  the 
Bahama  Iflands,  and  the  lhallow  water  that  extends  to  a  coufi- 
derable  diftance  from  the  Coaft  of  Florida ;  and  the  correfponr 
denceof  thefe  meafuresis  very  remarkable,  (ince  the  ftream,  from 
well-known  principles  of  hydraulics,  muft  gradbally  become 
wider  as  it  gets,  to  a  greatecdiftance  from,  the  channel  by  which, 
it  iffues. 

If  the  heat  of  the  Gulf" of  Mexico  was  known,  many  cu- 
rious calculations  might  be  formed  by  comparing  it  with  that  of 
the  current;.  The  mean  hear  of  Spanifti-town  and  Kingfton  in 
Jamaica  ieems<  not  to  exceed  81"* ;.  that  of  St*  Domingo  on 

♦  Hillory  of  J^iv^iica,  Lninio:),  1774.,  vol.  III.  p.  6^2,  655.  The  different 
obfervations  of  the  heat  rcc  'i  fLdin  that  work  do  tig t  agree  together  ;  bvki  ihufa 
o^LopCed  here  arc  ukca  trom  that  icncs  which  appeared  ton^  the  moil  corred. 
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the  ieshCoafVmay'be  eAimated  ac  the  ilime  frdm  Monf.  fKmrti 
obfervations*  J  but  as  the  coaft  of  the  continent  which  bounds 
the  gult  to  the  weftward  and  louthward  is  probably  warmer, 
perhaps  a  degree  or  two  may  be  allowed  tor  the  nxan  tempera- 
ture of  the  dtmate  over  the  whole  bajr :  let  it  be  flated  at  $2* 
or  %f.  Noiv  there  tt&xkt  to  be  gresit'ptobability  in  the  i\ippo« 
fition  that  the  (ca,  at  a  <:ertain  oompafatively  fmall  diftance  be* 
low  its  lui  iat;e,  agrees  in  heat  pretty  nearly  with  tlic  avenge 
temperature  of  the  aVr  during  the  whole  year  in  that  part;  aiiJ 
hence  it  may  be  coi\jeclured,  that  the  general  heat  of  the 
ytnXtu  '^'^  it  iffMea  out  of  the  bay  to  form  the  (beam,  is  about 
thefmsin  variations  of  temperature  on  the  furfacenot 
beirfg  fufficient  to  aflfeft  materially  that  of  the  general  mais. 
At  the  tropic  of  Cancer  1  found  the  heat  to  be  77°  ;  theflream, 
therefore,  in  its  whole- courfe  from  the  gulf  of  Florida,  may 
be  fuppoi'ed  to  have  been  confbmtly  rtkining  (hrbugh  watef 
from  4*  to  6*  colder  than  itfelf,  and  yet  it  had  lofl-only  f  ef 

*  MonC  (iODiv*s  expcrioients  upon  the  penduimn  were  made  at  the  Fetit 
Gotve.  Thejr  continued  from  the  S4th  of  Augull  to  the  4th  o^  Scpteriiber,  toA 
tKe  average  heat  during  that  time  was  Aich  at  it  indicated  by  15°  of  M(mf.  de 
REAUMitiL'f  thermoroeier  (fee  Mem.  Acad.  Scicnc.  1735;,  p*  517.)*  Aecordinf  fo 
Monf.  pE  Luc's  calculation  (fee  Modtftcntions  de  I'Atpiofpere,  voj.  I.  p.  578.) 
the  ajth  degree  of  Moiif.  de  iiEAUMtrR*s  true-  thermometer  anfwert  to  about  thi 
85th  of  rAHRF.KHEn'j ;  btit  the  average  heat  in  Jamaica  during  the  montiu of 
Auguft  and  September  is  a!fo  85';  hence  we  may  conchidc,  that  the  mean  heat 
for  the  whole  year  is  ner.rly  the  fame  on  the  1>  1  c;i      in  {'nth  in">nds. 

f  The  loweft  calculatioa  of  the  mean  temperature  of  the  gulf  is  preferred  on 
tlws  occafion,  becaufe  of  the  cortftant  influx  of  new  watt^r  from  the  AtiaociC 
Ocean  produced  by  the  trade-winds;  which  water  not  having  been  near  any  land 
muil,  I  think,  be  fenhbly  cooler  than  that  which  has  remained  fome  time  inclofod 
In  the  bay.  Oh  this  fubicfl  the  obfervations  made  by  alexakdek  dalrymple, 
Kfq.  rclatire  to  the  hc;u  of  the  lea  near  the  Coaft  of  Uuioeay  ou{ht  to  be  con- 
lult«d  ifiM  Phii.  Traai.voi.  LXViU.  p.  394^  &€»)• 
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hear,  though  the  furrouiKling  water  where  I  obferved  it  was 
10"  below  the  iuppokd  original  temperacurc;  of  the  water  which 
ferw  the  current.  Fronn  this  Imall  diminution  Qf  the  heat,  in 
a  diftduce,  probablj  of  300  miles,  fome  idea  may  be  acquired 
of  the  vaftbody  of  fluid  which  fetsout  of  the  gulf  of  Mexicot 
and  ui"  tlie  i^ieaC  velocity  of  Its  motion.  Numerous  obki  va- 
tions  ou  the  temperature  ot  this  ilream,  in  every  part  of  it, 
and  at  diiferent  feaions  of  the  year,  compared  with  the  heat  of 
the  ^yator  in .  the  furrouading  fea8>  both  wkhin  and  without 
the  tropic,  would,  I  apprehe|id»  be  ^  beft  means  otf  afcer- 
talning  its  nature,  and  determining  every  material  circumftancc 
of  Its  movement,  efpeclaiiy  if  the  effeft  of  the  current  in 
puih«ug  lh.ip.3  to  the  northward  i^  carefully  attended  to,  at  the 
i^me  tioQA  with  the  oh(brvatjon6  upon  its  beat»  > 


tjhe  25th  of  September  177;^,  .as  the  (hips  wlikbhadl 
tcuiipoE^ed  Sir  viixiAtk'  HOfv^'s  ixmy  iip  Cheiapeak'&Ky  were 
returning  towani'the  Delaware,  with  the  fick  and  fiores^  they 

were  overtaken,  between.  Cape  Charles  and  Cape  Hiulopen,  by 
a  violent  gale  of  wind,  which,  after  iome  variation,  fixed  ulti- 
mately al;  N.N.E.  aad; conliimed hve  day«  without  iatermiffion« 
it  blew  ib^  hafd  tbat  we  were  coniikaiiilly  kfing  grobnd,.  and ' 
driving  t^ tfaAfoMtlnwrd^  we  alio  purpofely  nade  fbme  eajllng  to» 
keep  clear  o^*  the  dangerous  (hoals  which  He  off  Cape  Hatteras. 

The  28th  at  noon  ouf  latitude  was  36^  4.0^  N.  and  the  heat 
of  tlie  fea  all  day  about  65,^  .On  the  a 9l;h  our  latitude  was* 
^tf  a/  \  wehadk  therefok-e»  in  the  caur(eQ£>tbefe  twenty- fijiuir 
koiics»  .been  drisren  by  the  wind    nautical  miles  to  the  ibuth*- 

ward:: 
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ward;  the  temperatore  of  the  (ea  continued  nearly  at  65'. 
Next  day,  the  ^orh,  our  latitude  at  noon  was  35°  44',  only 
>  1 8  miles  farther  to  the  fouthward,  though  in  the  opinion  of 
th&  Teamen  aboard,  as  well  as  mj  otim,  tt  had  blown  at  leaft 
as  hard  on  tbts  as  any  of  the  preceding  days,  and  we  had  not  been 
able  to  carry  more  fail ;  confequently  it  may  be  concluded,  that 
foiivj:  current  had  let  the  ilup  20  miles  to  the  northward.  To 
know  whether  this  was  the  Gulf-ftream,  let  us  coufult  the 
thermometer.  At  half  after  nine  in  the  forenoon  of  this  day 
the  heat' of  .  this  water  was  76%  no  lei«  than  tUvon  degnss 
above  the  temperatttfe  of  the  iea  before  we  came  into  the 
current ! 

Towards  evening  the  wind  fell,  and  we  flood  N.W.  by  N". 
clofe-hauled.  As  the  fea  (lili  ran  very  high,  and  the  ihip  icorcely 
went  above  two  knots  an  hour,  we  did  not  make  lefs  than  thiee 
.points  of  le&-way  on  this  tack ;  the  courfe  we  made  good, 
therefore  was  W.N.W.  which,  on  the  diftance  run  by  noon 
next  day,  gave  us  about  fixteen  miles  of  nQr£hmg\  but  that 
day,  the  ill  of  Odtober,  our  latitude  was  36*  22',  38  miles 
farther  to  the  north  than  we  had  been  the  day  before ;  the  dif- 
ference, 22  miles,  muft  be  attributed  to  the  Guif-ftceam.  This, 
however,  is  only  part  of  the  eflleft  which  the  current  would 
have  produced  upon  the  lliip  if  we  had  continued  in  it  the 
whole  tour  and  twenty  hours ;  for,  though  we  were  {lill  in  the 
ilream  at  hve  in  the  afternoon  of  the  30th,  as  appeared  by  the 
heat  of  the  water  bong  then  above  75%  and  at  eight  in  the 
evening  the  heat  being  dill  74%  yet  byfeven  next  morning  we 
were  certainly  got  dear  of  it,  the  heat  of  the  (ea  being  then 
reduced  to  its  former  ftandard  of  65*.  On  this  occa(ion,  there* 
foce,  we  did  iiot  cmis  tlie  jftreaiUi  but  having  fallea-in  with  it 

obliqae^ 
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obliquely  on  the  weflern  lide,  we  puihcd  out  ag^in  011  the  iiime 
iide  as  foon  as  the  gak  abated. 

Thefe  obfervatioas  having  been  made  three  degrees  to  the 
northward  of  my  former  ones,  it  is  curious  to  obfenre^ .  that  tlie 
heat  of  the  Gulf*flream  was  about  a'  lefs.  The  fealbus  of  the 
year,  indeed,  were  very  ditierent ;  but,  perhaps,  under  ludi 
circumftances  that  their  cfFedts  were  neaily  balanced.  In  the 
latter  obiervations  the  meridian  altitude  of  the  fun  was  Ipfs; 
hut  then  a  hot  fummer  preceded  them :  whereas  in  the  former, 
though  the  (un^s  power  was  become  very  great,  yet  the  winter 
had  been  paft  but  a  ftiort  time.  Calculating  upon  this  propor- 
tion we  may  be  led  to  I'ufpeC^,  that  about  the  27th  degree  of 
latitude,  vvliich  is  as  Iboii  as  the  ftreani  has  got  clear  of  the 
gulf  of  Florida,  it  begins  fenlibly  to  loic  its  heat  from  82%  the 
fuppoied  temperature  of  the  gulf  of  Mexico,  and  continues  to 
loieit  at  the  rate  of  about  of  Fahrenheit's  fcale  to  every  3' 
of  latitude,  witli  Iboic  variatiuu,  probably  as  the  lurrounding 
fea,  and  the.air,  are  warmer  or  colder  at  ditfcrent  I'ealbus  of 
the  year* 

The  preceding  fa^  had  made  me  very  defirous  of  obferving 
the  heat  of  the  GuIf'Aream  on  my  pafl'age  homeward ;  but  U 
violent  gale  of  wind,  whicli  came  on  two  days  after  wit  had 
jailed  trom  Sandy  Hook,  dilabled  every  perfon  aboard,  who 
knew  how  to  handle  a  thermometer,  from  keeping  the  deck. 
The  mafter  of  the  (hip,  however,  an  intelligent  man,  to  whom 
I  had  communicated  my  views,  ailured  me,  that  on  tUe  ieconcl ' 
day  of  the  gale  the  water  felt  to  him  ftemafkahly.  warm ;  we' 
were  then  near  the  ^otli  clt  in  cc  of  weft  longituJc.  Tliis  agrees 
very  well  with  the  common  remark  of  feamen,  who  allcdge, 
that  they  are  frequently  fenlible  of  the  Gulf*ilream  off  Nan- 
Vot.  JLXXL  Z  z     '  •  tucker 
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tucket  flioals,  a  dlfhancc  of  more  than  looo  miles  from  the 
gulf  of  Florida  \  Accorduig  to  tlxe  calculation  I  have  be- 
§QXt  adopted  of  a  lofs  of  two  degrees  of  .heat  for  every  ^  of 
ktitudb,  the  temperattire  of  the  Gulf-ftream  here  would  be 
nearly  73° ;  the  difference  of  whicli  from  59%  the  heat  thati 
obferved  ia  the  Tea-water  both  before  niid  after  the  galr,  migl-t 
calily  be  perceived  by  the  mafter  of  the  vefleh.  This  was  ii. 
the  winter  ieafon^  at  the  end  of  December. 

An  opkiioii  prevails  among  ieafflen,  Aat  there  k  ibmetliiog 
peculiar  in  the  weather  about  tlie  ^ulf-ibneam.  As  far  a$  ¥ 
could  judge,  the  heat  of  lUn  air  was  coufiderably  increakd  hy 
it,  as  might  be  expedted ;  but  whether  to  a  degree  or  extent 
iufficient  for  producing  any  material  changes  in  the  atmoipheie 
^muft  be  determined  by  fature  obiervations. 

Perhaps  other  currents  may  be  found'whicli,  ifluing  front 
places  warmer  or  colder  than  the  furroundlng  Tea,  dificr  finom 
it  in  their  temperature  fo  much  ns  to  be  difcovered  by  the  ther- 
mometer. Should  there  be  many  fuch,  this  ia&umeot  will 
come  to  be  ranked*  aoumg  the  moil  valuable  at  iea  ;^  as  the  diffi<- 
culty  of  afcertatoing  currents  is  wdl  knbwn  to*  be  dae  of  the 
greateft  defe6h  in:  the  prefent  art  of  navigation^ 

In  the  mean  time,  1  hope  the  obfervations  which  have  beea 
here  related  are  iufficient  to-  prove,  that  in  croffing  the  Gulf- 
jfheam  veiy  efiendal  advantages  may  be  derived'  fi-om  the  u& 
of  the  tbermometcE  ^  for  if  the  ma^  of  a  lhip».  bound  to.any 
of  the  fouthem  provinces  of  l^orth  America,  will  be  carefiil 
to  try  the  heat  of  the  fea  frequently,  he  niiifl  dil'cuver  very 
accurafely  his  entrance  into  die  Gulf-flream,  by  the  fudden  in- 
crcafe  ot  liie  heat ;  and  a  continuance  of  the  fame  ex^rinients 
will  ihew  him»  with  equal  exa^nefs,  hovi?  long  he  remains  in 
k*.  Hehce  be  will,  always  be  abb  to  make  a  proper  allowaoce 
%  for 
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*i>rthe  mimber  of  miles  that  the  (hip  is  fet  to  the  northward, 
by  multiplying  the  time  into  the  velocity  of  the  current. 
Though  this  velocity  \i  hitherto  very  imperfe^Wy  known,  for 

wnnt  of  fome  method  of  determining  how  long  the  current 
i^ted  upoii  the  fhips,.  yet  all  uncertainty  ariiing  from  thence 
muil  foon  ceafe,  afr  a  few  experiments  upon  the  heat  of  the 
ftream,.  compared  with  the  (hip*s  run  checked  by  obifcrvattons 
of  the  ladtude,.  will  afcertain  its  motion  with  fltfficient  preci- 
fi'on.    From  differences  in  the  wind,  and  perhaps  other  cir-- 
cumftances,  it  is  probable,  that  there  may  be  fome  variations 
in  the  velocity  of  the  current ;  and  \t  will  be  curious  to  ob- 
ierve,  whether  theie  variations  may  not  frequently  be  pointed 
out  by  a'difierencein=its  temperature ;;  as  tht  quicker  the  cur- 
rent moves,  the  lefs-heat  is  likely  to  be  loft,  and  confequently 
the  hotter  will  the  wntr^r  be.    In  this  ohfcrvation,  however,  the 
ieafou  of  the  year  mull:  always  be  confidered ;  partly^  becaufe  * 
it  may,  perhaps,  in  ibme  degree  af&dl  the  original  temperature 
•f  the  water  in  the  gulf  of  Mexico;,  but  principally,  becaufe 
theadual  heat  of  the  (^redm  muft  be  greater  or  left  in  propor- 
tion as  the  trn£t  of  the  fea.  through  which  it  has  fiown  was- 
warmer  or  colder.    In-  winter,  I  {houk?  fuppofe,  that  the  heat 
of-  the  ilream.itielf  would  be  rather  lefs  than  in  fummer ;  but 
that  the  dificfcnce  between  it  and  the  furrounding  iea  would  be 
much  greater ;  and  I«can  conceive  that,  in  the  middle  of  fum- 
fiQcr,  though  the  ftream  had  loft  very  little  of  its  original  heat, 
yet  the  fea  might,  in  fo{ne  parts,  acquire,  fo  nearly  the  fame 
temperature,  .as  to^  render  it  Icarcely  polhble  to  diftiuguiih  by  / 
fhc  thermometer- when  a  ihip  entered  into  the  current. 

Befides-the  convenience  of  corre6(ing  a  fhip*s  courle,.  by^' 
knowing  how  to  make  a  proper -allowance  for  the  diftance  (he  is  • 
£eX  to  the  northward  by  the  current,  a  method  of  determining  * 

2.  willi 
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with  certainty  when  (he  eiiten  into  the  Oulf^ftream  U  attended 

with  the  further  iiieniniable  advantage  of  Ihcwlug  her  place 
upou  the  9cean  m  the  mod  cij^cal  ficuatiou :  for,  as  the  cur- 
rent fetS  abng  the  co^  of  America  at  no  great  diflance  from 
.jopijidiiiglt  -tlie  mariner,  when  he  finds  this  fudden  increafeof 
heat  in  the  Tea,  wilt  be  warned  of  his  approach  to  the  cosR, 
and  will  thus  have  timely  notice  to  tr  ke  the  neceflary  precau- 
tions for  the  fecurity  of  his  veflel.  As  the  courlc  of  the  Cult- 
flreain  cpmcs  more  to  be  accurately  known,  from  repeated  ol»- 
.  fervations  of  the  heat  smd  latitudes,  this  method  of  deter- 
mining  the  (hip*s  place  w^l  be  proportionably  more  appliabk 
to  ufe.  And  it  derives  additional  importance  from  the  peculnr 
circumflances  of  the  American  coall-,  which,  from  the  mouth 
of  the  Delaware  to  the  ibuti>eramoil  point  of  Florida,  is  every' 
where,  low,  and  befet  with  freqpent  ihoals,  ninniugout  fo  fu 
into  the  fea  tj^a(  a  yc^  n;^];  .b^  aground  m  man^r  places  wheie 
the  (hore  is  riot  to  be  diftinguiflied  even  from  the  maft-heai 
It  he  gulf-ftrcam,  therefore,  which  has  hitherto  fervcd  only  to 
increal'e  the  perplexities  of  fcamcn,  will  now,  if  thele  oblcr- 
yatiQiis  ^re  found  to  be  jud  ij^^j^^ice,  become  one  of  thedu^ 
.  meajjs  of  ^  their^pr^lj^ns^^^i^^       daiigerous  coaft. 
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XIX.  Jceouui  rf  ih€' ^pptarance    the  Swl  at  efeifi^g.  ^  Weliat 
Hanby  /«•  LincolniKirer  In  a  LetUr  from  'S/t  Henry  C. 

Engkilelcl,  Ban,  F.  R.  end  A,  5".  to  Sir  Joleph  Banks, 
Bart,  P.  R,S, 


Read  May  3,  1781. 

DBAE  8IB» 

THE  appearance  of  the  foil  which  fell  under  my  own  in- 
{pe<Stion,  on  opening,  a  well  at  Hanby,  the  feat  of  Sir 
c.  B0CK»  in  Lenton  iyaitth,  JUnccdtiAirOt  being,  as  far  as  I 
can  recoiled,  quite  fmgukr,  I  hope  yow  anSk  not  think  this  ' 
account  of  it  iin^rthy  tf/tfacteation  of  tfi#  Society. 

The  fpot  on  \X'hich  tlic  well  was  funk  I3  nciily  on  a  level 
with  Lincoln  Hc:itb,  and  of  courlc  high  ground  compared 
vnxh  the  fen,  which  is  difUnt  from  It- above  fix  miles.  The  foil 
was  unifonnly  a  blue  day^  in  parts  rather  inclining  to  a  (haly 
ifaruAuie,  and  contained  ntetjr  ci6t  of  tellinae^  a  vety  littb 
pyrites*  and  ibmc  few  iinall,  Init  veiy  elegant,  belenmites* 
Theie  are  all  the  nfual  ibflils  of  clay ;  but  what  I  think  with- 
out example  is,  that  through  the  whole  mafs  of  clay  were  in- 
terfperfed  nodules  of  pure  chalk,  evidently  rounded  by  long 
attrition,  and  of  all  fizes  from  that  of  a  pea  to  a  child*^  head. 

They  lay  in  no  fort  of  order  that  I  could  find*  How  deep 
this  appearance  might  have  continued  I  cannot  determine,  but 
mo  water  having  been  &iind  at  the  depch  of  thirty  feet»  the 
6  trial 
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34^       HENRY  c.  £KGL^i£LD  ofi  the  Appiarotue^  &e. 
trial  was  ^ven  up,  as  the  ezpence  would  have  exceeded  die 
advantage  propofed.   A  fpecimea  of  the  chalk  is  herewith 

exhibited  to  the  Society. 

I  muft  add,  that  in  all  the  environs  there  is  nottheleaft 
trace  of  chalk  in  any  form  whatever  that  I  could  difcover  or 
hear  of. 

lam, 
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XX*  jSfironomieai  Objervaiiom  made  fy  Nathaniel  Pigott,  E/^, 
F>  S*  Foreign  Member  of  the  jicademies  of  Bruifels  and 
Caen,  and  Correjpondent  of  the  Academy  of  Sciences  ai  Paris. 
Communicated  by  Sir  Htury  C,  Englefieid,  Bart^  F*  R. 

•  and  ji»  «S« 


Read  May  J,  1781: 

HAVING  g^veii  in  the  Philoibphical  Tranfadions,  voL 
LXVI.  for  the  year  1776,  and  vol.  LXVJ31.  part  JDL  for 
2778,  an  ample  defcription  of  the  excellent  agronomical  in- 

ftruments  in  my  poffefllon,  it  will  be  needlefs  to  fay  any  thing 
here  on  that  fubjedt,  further  than  that  the  following  obierva- 
tions  were  made  with  them. 

During  the  fiimmer  of  iJJJ^  part  of  which  I  ipentwith 
Lady  widdkinoton,  at  her  honfe  named  Wickhill,  about  a 
mile  from  Stow  on  the  Would,  Glouceilcrihiic,  I  determined, 
by  fix  obfervatioas  of  n 's  fatellites,  compared  to  correfpoii- 
dent  ones  made  on  the  fame  days,  Wickhill  W.  of  Greenwich 
I**  29'  45'^  It  is  proper  to  add,  this  is  likewife  the  longitude 
of  Stow,  it  bang  under  the  &me  metidian,  or  veiy  nearly  ib, 
as  Wickhill. 

In  and  1779  I  obferved  in  Glamor g an llure  ;  and  by 

thirty-five  meridian  obfervatioas  of  the  fun  and  ilars,  all  agree- 
ing within  12^'  from  the  mean,  I  detenmned  the  latitude  ol: 
my  obfervatoiy  at  Frampton  Houfe  51*  25' 

FfsunptOD 


348  ^I^ott's 
Fraaipton-houfe  H«8  between  Cowbridge  and  Lantwitj 

about  four  miles  foutli  of  the  former,  and  one  mile  north  of 
the  latter,  and  about  two  miles  from  the  Briftol  channel;  is 
nearly  under  the  fame  meridian  as  Watchet,  a  market  town  ia 
Somerfetfliirc. 

The  rocks  on  the  Welch  coafl-,  which  fun  oblique^  ftmtiDg 

wto  the  Briik  l  channel,  render  the  navigation  lb  dangewwsi 
that  each  year  affords  the  horrid  fpe<ftacle  of  fhips  wrecked ; 
and  here  I  am  forry  to  add,  that  the  barbarous  cuftom  of  plun- 
dcrmg  thefc  nnfbrtnnate  vcfiels  (Vili  fubfifts  in  all  its  inliuim- 
nity ;  at  the  fame  time  it  wqnW  be  5?\ivfticc  to  the  gentlcmoi 
of  the  country  to  pafs  tinder  lilcnce  their  repeated  endeavours 
tQ  cheek  this  enormity  ;  but  hitherto  their^cfForts  have  not  bc« 
att«ndp4  with.  WVOh  tugcefs  :  it  is  due  to  humanity  to  make  fuch 
bad  pwi8ic«>»  W^s  of  excitiiig  ^  inquiiy,  wJuch 

j^ftice  and  ^  h9^oar  of  the  nation  lw4ly  cril  Soic. 

The  littk  that  has  be^n  *ud  fnflSces  (hew  the  cxpp&oqr 
of  corred  map^s  of  this  channel.  The  yniverfal  opinion  of  the 
CPUnliy  is,  that  to  the  Somerfetfhire  oi>pofite  coaft,  ^bouC 
Watchdty  Puri^kf  ^c.  the  breadth  of  the  channel  is  twenty 
or  twenty^on^  «»Sk»f  .  A  fingle  glai^  of  th^  ^ye  feems  fuffi^ 
cient  to  contrfldi£t  thj^  notbn ;  howcf ^  upon  iqfpcaiDg 
my  maps  1  tound  tlie  diftauces  fet  down  not  greatly  dj&at 
from  what  report  had  made  them,  we  meafu^cd  them  geemc- 
tiicaUy,  and  th^  refulj  g^ve  the  ch^iunei,  not  twenty,  but 
little  more  than  thirteen  miles  broad  at  the  abovementipwd 
places. 

Upon  thq  whole  It  is  to  be  wiftied,  thac  ?ft^^<»iiC9l  ohfcw 
tions,  fufficientiy  corrca,  were  made  on  the  Somerfetftiife fide, 
which  might  b&ipoi^pared  with  thofc  1  have  made  on  the  oppo- 
fuo  ftore* .  It  may  poflibly  be  found,  that  the  towns  on  the 
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Englifli  coaft  are  placed  in  the  maps  too  much  fouth,  andthofc 
in  Wales  too  much  north  ;  and  hence,  perhaps,  the  too  great 
b  readth  given  to  the  Briflol  ch  an  nel.    This  is,  at  leaft,  the  cafe . 
with  the  town  of  Lantwitt^  which,  ^  as  I  have  faid,  is  X6  the 
fbuthward  of  Frampton-houfe,  the  latitude  of  which  is 
51"  25'  I      neverthelefs  the  heft  and  moft  cxtenfive'n.  ip  * 
have  bccii    able  to  procure   gives  the  latitude  of  Lantwit. 
^^r"  29  40",  that  is  to  fay  4'  39'   N.  of  Frampton-houfe. 
There  may  very  poliibly  be  particular  charts  of  the  Briftol 
channel  more  exadl ;  but  it  is  not  lefs  true*  that  the  common 
maps  ought  to  be  cleared  of  iuch  enormous  errors.  : 

I  determined  the  dtfieience  of  meridiaQS  between  Frampton- 
bouie  and  Greenwich  by  comparing  four  immerfions  and  four* ' 
teen  emerfions  of     *s  firft  and  fecond  fatellites  to  correfponding 
ones  made  in  other  obfervatories.  •'  The  refult  is  as  follows : 


A|ppb  time.  launcriioiis. 


14  II  By  aDobferv.  at  Greenwich. 

13  5*    -■'   ■■        at  Upfal. 

13  54   ■         at  Paris. 

14  ^    -    '  at  Oxford. 


14   I  the  mean. 


App^  dme.  Emerfioos* 
13  43  By  an  obfenr.  at  Oxford. 


14  a 

«3  44 

14  12 

13^  SO 
14  II 
13  4a 
>  3  50 

n  59 
H  3 

»4  7 


at  Grf  cn  wich, 
N.  Almanack, 
at  Greenwich. 
.•atOxfordtf^  o; 
at  Paris, 
at  Paris, 
at  Oxford, 
at  Berlin, 
at  Oxford.  ■ 
at  Greenwich, 
.atX)x£brd.   >  .1 
at  GreeawicJb*. . 
atGie^aWtcb. 


13  55  Mean  of  emerfions. 

14  I  Mean  of  immeHtoai* 


13  58  by  a  mean  of  the  means 
Frampton-houfc  W.  of  Greenwich  in  dme,  or  3*  29'  30"  by  the  equator. 

*  By  joHV  AOAin.  The  feale  » to  minntei  of  a  degree. 


V0L.LXXI. 


A  a  a 


Occultations 


■ 

350         Mr*  piooTvV  /^ronomicai  Ohftrvatiws. 

Occaltatbns  of  fixed  ftars  obfcrvcd  at  Fraraptou-houfc  in 

1777  and  1778. 

App.  time.  oaober  21,  1777. 

1%  i'6  ao  Imn.  i Poilus^  doubtfolto  ft"or  3". 

November  15. 

6  19   3  tram.  \%  ^  Tauri  into  light  part  of  I :  doubtful  to  3"* 
*   6  54  22    Imm.  2d,  ^  Tauri. 

7  8  4a   £inerC       '  Tauri :  dark  part  of  • 

November  16, 

10  59  27  Imm.  {Tawi:  veiygood*  n 

July  5,  1778. 

9   a  i5i  Inu»*teIefcopicllart  inftftiicaiNont.' 
9   3  a8i  Iflini*  vjh:  ioftantaneotti* 

to  27  8§  Emerfi  v«s  f'O"^  of  9 :  fare  to     or  %'\ 

Declination  of  tbe  needle* 

Iii  the  beginning  of  1 778  the  declination  weft  of  a  magnetic 
needle  of  four  inches  nuide  by  Mr.  dollond,  appealed  to  be 

22°  11'. 
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.  Abflraii  of  a  Rcgjjlcr  of  the  Barometer^  1'hermouictcr^  and  Rjik'^  at 
Lyndon,     Ri)tlai:d,  I -So.    i>/ Thomas  I3ciikcr,  Ejqu  'nw 


Read  May  3,  1781. 


Barometer. 


Highcft  Loweft.  Mean. 


Morn. 
Af'tern 
Morn. 
Aftcrn, 
Morn. 
Mern. 
■  >rn. 
lAttern. 

rn. 
fiitcrn. 
Morn. 
A  f tern. 
Morn. 

■  -  rn. 
nurn. 
\ftern. 
Vlorn. 
\ftcrn. 
4orn. 
^ftern. 
-lorn, 
^ftcrn. 
'  rn. 
Li  Lcrn. 


29,89 
30,06 

29>94 
29.77 

29,89 
29,87 
29,81 

29»79 
29,87 

30,00 

30,08 


28,16 
28,72 
28,99 
28,40 
28,80 
29,26 
29,21 

29.43 
28,70 

28,20 

28,62 

29,22 


29.39 
29.49 

29.47 
29,21 

29,48 

29.55 
29,61 

29.65 

29.38 

29.23 
29,41 

29.83 


Thermometer. 


Main 


In  the  Houl'c. 


AbroaJ. 


Low. 

Low. 

AT..  . 

39 

28 

M 

27 

40 

29 

3S 

43 

12\ 

32 

44 

33 

P 

41 

22 

31 

44i 

34 

38 

46 

3^1 

39 

5'i 

4ii 

46 

47  i 

49 

40 

534 

43i 

61 

45 

5' 

53 

40 

52 

29i 

38 

55 

4ii 

46 

60 

38 

48 

67 

5' 

55 

65 

40I 

50i 

72 

52I 

57 

8oi 

53 

61 

65] 

52 

57i 

62i 

43 

53  i 

7«i 

52i 

59 

80 

51 

04 

69i 

58I 

63 

65 

5'1 

57i 

6gi 

7^ 

59i 

64 

83 

61 

68 

6ii 

64 

63 

52 

58 

72 

63 

66 

8ii 

63 

70 

70 

53 

61 

61 

43 

52 

73i 

531 

63 

82 

53i 

65 

sH 

51 

56 

333 

44 

59 

48 

38! 

52 

64 

451 

53 

50 

43 

48! 

»9i 

3^> 

5oi 

38i 

431 

48 

2^6 

40 

45 

35 

40 

46i 

35 

45i 

35 

40{ 

50 

3Pi 

38i 

',013 
r.572 

M75 
2,727 
1,201 

1,920 
1,566 

0,432 

3,427 

3,080 

1,461 
0,534 


Mean  rain. 


10  yrs. 

71—80 


4-i  vr«. 


',677 
',871 

'.355 
»,3i4 
2,081 

2,374 

2,507 
2,468 

3,»42 

2,975 
2,372 
1,889 


4  5  ^ ' 
Jf;— 80 


»,57:5 
1.378 

'>3'i 
1,465 

1,610 

2,249 
2,516 

2>247 

2,016 

2,158 

»,943 
1,740 


A  a  a  2 


20.10826,024  22.210 
I'hc 
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Mr,  barker's  Regijkr  of 


The  three  drieH:  feafons  from  one  month  to  twelve  are  the 
fame  as  in  vol.  LXL  except  the  following* 


a 

3 

7 

20 
12 


JaQ«<— >Mar.  79 
Sept.  40 — Aug.41 


0,582 


'3*427 


Feb,  and  Mar.  79 
Dec  42**  Feb.  43 

Ocl*40 — July  41 


o»370 
10^174 


Jan.  and  Feb.  79 
Jan.— Mar.  4O 


Oa.  39— Apr.  40  0,54j 


o,4ji 
0.94a 


The  three  wetted  feafons  from  one  month  to  twelve  are 
entirely  di^rent  from  thoie  in  vol.  LXI. 


I 

2 

3 

4 

5 
6 

7 
S 

9 
10 
II 


Sept.  74. 
Aug.  and  6cpt.74 
faly— Sept.  74 

|uly~-Oa.  75 
July — Nov.  75 
July — Dec.  75 
July  75— Jan.  76 
July  75— Feb.  76 
fan. — Sept.  74 
)tc.73— Scpt.74 


Nov.  7 3 — Sept.74  36,769 
12  iOa.  73— Ss|»t.74l39>390 


I 


8,000 
1 1,910 

'5.»37 

17,988 

21,558 
22>654 

28,360 

30,267 

3i»i64 


Nov.  70 
Od.  and  Not.  70 

july— Sept.  75 
June — Sept.  74 
May— Sept.  74 
April— Sept.  74 
Mar. — Sept,  74 
Feb. — Sept.  74 
July  75 — Mar.  76 
May  73— Feb.  74 


7,818 

»o.932 
1^,508 

17,620 
20,762 
22,285 


I 


May  73— Mar. 7 4  33,605  July  75— May  76 
May73— April74l35,228  lMay7S— Apiil7434*BTT 


May  73  I  6,84s 

Aug.  and  Sept.  75  io,4j'3 
oa. — Dec.  70  13,545 
oa.  70 — Jan.  71 14,958 


Aug.— Dic  70 
Jun. — Not.  70 


25»o«3  J«ly  63— Jan,  64  22,902 
26,959  May — Dec.  73  25,623 
29,878  May  73--Jan.  7428,931 
0,877  July75— April  7630,765 


17,038 
18,97^^ 


The  year  began  witli  froft,  and  was  perhaps  the  fevereft  winter 
fince  1 7^40)  but  there  was  not  a  jgreat  deal  of  (how,  andin  genesal 
it  was  calm.    The  froft  was  not  ib  fteady  as  it  was  that  winter, 

there  being  feveral  breaks  in  it ;  but  was  very  fharp,  and  the 
ice  was  never  intirely  gone  for  nine  or  ten  weeks  togetlier  froife 
December  22,  till  near  the  end  of  February,  when  it  went 
away  without  wet,  leaving  the  ground  remarkably  l^ht  and 
line,  and  the  weather  grew  mild,  and  continued  fo  moft  part  t>f 
March  ;  but  the  coldnefs  of  the  ground  hindered  the  grafs  from 
growing  greatly  till  toward  the  eud  of  the  tiflie.   The  fecd- 

•  time 
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the  Weather  at  Lyndon. 

time  was  fine  and  good,  and  the  grain  came  up  very  well,  Wt 
the  iirft  three  weeks  of  April  were  cold,  bnckening,  arid  often 

frofty.  Toward  the  end  it  was  more  fliowery,  warmer  and 
growing,  and  from  that  time  the  Ipring  continued  to  come  on,, 
and  there  were  lb  few  N.E."  wmd*  that  (hips  found  a  difficulty 
in  getting  down  the  channel,  wliich  is  -very  unuiiial  at  that 
time  of  year,  and  all  the  Tpritig  from  the  eritfof  February  till 
toward  the  ciid  ut  June  was  very  wiiidy,  chietly  N.W.  and 

In  the  ibrmer  part  of  funimer  there  were  ar  times  very  hot 
days ;  but  the  fealbn  was  oftener  cool ;  many  little  fliowers,. 
which  in  fome  countries  were  fb  fmall  there  was  want  of  rain 

and  grafs,  here  we  did  pretty  well.    The  hay-time  was  fine, 
but  the  crop  fmalL    The  harvcfl  was  exceedingly  well  got : 
the  barley  and  oats  good,  and  fome  of  the  wheat ;  but  the  late- 
ibwn  was  thin  through  the  fevere  winter,  and  in  feveral  places 
the  wheat  was  hiildewed,  which  could  not  be  by  wet  fuch  a 
year  as  this ;  but  by  this  means  wh^eat  became  three  times  the 
price  of  barley,  being        and  52  (billings  a  quarter,  ajid  bar- 
ley 16  Of  17  (hiihngs.    From  the  latter  part  of  July  to  the 
beginning  of  September  it  was/i^ry  dry,  hot,  and  burning; 
much  icorching  fun,  the  jgrannd  very  much  burnt  up,  and 
great  want  of  water  ;'^but  t&e        winds,  which  came  at  this 
time  of  year  itiilead  oi,  the  ipriijg,  wcie  iometimes  fre(h  and 
cool. 

Xhe  b^inning  of  September  the  rains  began,  and  for  above 
two  months  there  was  a  good  deal,  with  fuch  fine  and  warm 
weather,  that  there  was  good  grafs,  a  pleafant  autumn,  and 

very  few  froliy  mornings,  and  the  ground,  which  before  was 
jo  dry,  did  not  get  much  dirty  with  it.  The  wheat  feed-time 
was  6ae,  aiid  the  weather  mild  till  the  middle  of  November, 

when. 


3^4-      ^''^  BAE&£E*6  Regifter  of  the  Weather^  &c« 

when  a  hard  froft,  with  fnow,  made  people  think  of  a  hxA 

winter;  but  it  grew  mild  again,  was  chiefly  dark  and  cloudv, 
but-little  rain,  and  drying  a  good  deal  of  December;  remarka- 
bly calm,  but  near  a  week's  froft  about  Chriftmas. 

:Tlie  fickly  feafons^  which  began  in  Auguft  i779f  contmued 
more  or  lefs  all  the  year;  and  about  the  fame  time  of  the  year 
increafed  again.  There  were  great  numbers  of  fevers  and  agues, 
cfpecially  in  and  near  the  fens,  which  were  very  obftinate,  ai)(l 
did  not  yield  to  the  ufual  medicines,  but  frequently  letiuned 
again^  2X^  huqg  very  lon^  on  the  patients. 
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XXH.  Sdme  Caieidattons  pf  the  Number  tf  Acfidtnis  or  Dioihs 
nehleh  bapptn  in  confiqiMice  ef  Parturition ;  and  nf  the  Propor^ 
tion  of  Male  to  Fetnate  Children^  as  well  as  of  Twins,  w««- 
firom  PrGditSiions,  and  Children  thai  are  dead- born  ;  tiikt-i  frori 
the  Miiiwfery  Reports  of  iheV^'Q^^vn'm^cT  General  Difpcnfary  : 
witli  an  Attempt  to  afctriain  the  Chance  of  Life  at  different 
Periods,  from  h^ancy  to  Twenty^Jix  Tears  of  Age;  and  like^ 
wife  the  Proportion  of  Natives  to  the  refi  of  the  Inhabitants 
tf  Lioudoti.   Jn  a-  Letter  from  Robert  Bland,  M  D.  Pi»)fi'- 
eian-Man- Mid-wife  to  the  Wcftminftcr  General  Dilpeiifary,. 
to  Samuel  Foart  Siinmoas,  M,  F. 

Read  May  xo,  178:* 

BEAR    S  I  Ry 

TH&  great  advantage  of  hoipitals  and  other  iimilar  hiflitu- 
tumSf  in  improving  and  difleminating  medical  know- 
ledge,  is  generally  acknowledged ;  but  there  are  other  pui  pofes^ 

they  feem  equally  calculated  to  aniwer,  which,  though  fubor- 
dmate  to  the  former,  may  yet  deierve  attention,  as  they  may 
throw  light  upon,  and  perhaps  finally  determine,  certaui  poli- 
tical qucAions,  about  which  various  opinions  are  at  prefcnt 
entertained.  Thus,  though  it  is  known  that  this  city  contains 
perlbns  fiom  various  countries,  and  that  a  very  fmall  por- 
tion of  its  inhabitants  are  natives yet  the  proportion  which, 
the  latter  bear  to  the  aliens  can  at  prefent  only  be  gue^  at. 
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But  this  quedion  might  be  refolvcd,  with  a  tolerable  degree  of 
nccuracy.  If  to  the  rcgliier  of  the  names  of  the  perlbnsad* 
tuitted  to  the  leveral  charities  were  added  the  places  of  tlvlr 
birth.  Again,  the  great  mortality  of  the  human  fpecies,  par- 
ticularly in  inhmcy,  and  the  im:\\\  chance  a  child  has  to  attiia 
tojears  of  maturity,  have  been  calculated  from  parifh-regtders, 
bills  of  mortality,  &c.  But  I  do  not  know,  that  an  attempt 
lias  hitherto  been  made  to  afcertain  them,  by  noting  the  num- 
ber of  children  a  proniifcuous  inukitiide  of  women  had  borne, 
together  with  the  number  they  had  been  able  to  preierve. 

This,  however.  Is  what  I  have  here  done ;  and  from  It  I 
have  attempted  to  form  a  table,  Oiewing^  the  chance  of  life  at 
different  periods.  I  am  far  from  pretending  that  by  this  mode 
clear  and  certain  intelligence  will  be  obtained  ;  but  in  a  matter 
of  fuch  moment,  I  prefume,  that  any  affiftance  will  be  accepta- 
ble. Dr.  sMELLiE  *  has  curforiiy  mentioned,  for  the  encou- 
ragement of  his  pupils,  the  fooall  proportion  of  the  unnatuiat 
and  laborious  births  to  the  natufaf ;  but  he  did  not  cariy  bis 
views  farther,  or  point  out  the  proportionate  number  of  confc- 
qiicnt  accidents,  wiiicli  might  occur  to  retard  or  prevent  the 
recovery  of  the  woman,  although  this  is  not  lefs  neceflary  to 
be  known  than  the  former.  With  a  view  to  thefe,  and  otlier 
ufeful  purpofes,  the  following  r^f^er  has  been  kept  of  the 
mod  material  circumflances  concerning  the  patients  admitted  to 
tlic  midwifery-department  of  the  Weflminfter  General  Dilpcn- 
fary,  from  its  iirfl  ioilitution,  in  the  year  1774,  to  the  preleiit 
time;  vk, 

t*  The  ages  of  the  (everal  women. 
.  2.  The  number  of  children  they  had  borne. 

J.  Tlic  kxcs  uf  tiie  cluldicn, 

*  See  iMEUu'i  Midwifty,  8¥0,  19$. 
7  4.  The 
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4*  The  number  of  children  tliey  had  been  able  to  prefervc. 
5*  The  place  orcountxy  where  they  and  their  huibands  were 
bom,  - 
And  after  the  deliveiy  of  the  patient  I  have  conilantly  noted, 

1.  The  accidents  that  attended,  or  were  the  conicquence^ 
of  parturition. 

2.  The  fezes  of  the  children  delivered* 

3.  The  iittoiber  of  twins  or  triplets. 

4.  The  number  of  the  children  that  were  defideiit  or  mon* 
flrous. 

5.  The  number  of  the  children  that  were  dead-born :  and, 
as  the  women  were  enjoined  to  return  their  letters  as  ibon  as 
they  were  able  to  go  abroad,  I  farther  intended  to  have  added 
the  proportion  of  the  children  who  died  under  four  fxt  five 
weeks;  but  many  of  the  women  neglcfting  this,  duty,  pre- 
vented my  information  under  this  head  from  being  compleat 
as  1  could  have  wiflied.  Of  tliofe,  however,  who  came,  or 
of  whom  certain  account  could  be  obtauied,  the  number  is  let 
down* 

Prom  the  above  mentioned  regifter  the  felki^g  tables  and 

accounts  iiavc  been  compofed ;  and  as  the  greateft  care  and 
exadncfs  were  ufed  in  recording  the  ieveral  circuniAanccs,  the 
fame  pun£biaiity  has  been  obferved  in  coUe£^ing  and  digeiling 
them.    And  that  tkey  .might  be  kept  as  free  from  error  as 
poflible,  tables  for  each  year  were  firft  compofed  and  com* 
pp.red  together;  but  finding  no  material  vaiiatiun,  I  did  not 
rliifik  it  neceflhry  to  produce  them  in  that  form.    My  firft  in- 
tention was  to  have  given  the  tables  fimpiy,  and  without  any 
explanatoiy  obfervations ;  but  finding  I  could  not  introduce  all 
the  circumftances  I  had  noted  in  my  regifter^  as  was  particu- 
larly the  cafe  with  regard  to  the  firft  table^  iand  imai^Ding  that 
Vol.*  JLXXI.  B  b  b  in 
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in  fome  places  they  were  not  pcrfedly  intelligible,  without  forac 
tacplanatioa,  as  for  inilance  ui  the  table  of  the  chance  o^'  liie 
at  difiereoc  periods^  I  have  ventured  to  add  fuch  occafioiul 
jemarks  as  I  think  wUt  tend  to  Uluibate  tfaie  fubjb£l;» 

As  my  fkft  view  was  to  find  the  proportion  of  difficult 
labours,  and  of  the  accidents  or  deaths  that  happen  in  confe- 
quence  of  child-birth^  lihall  begin  with  jthc  ibllowixig  taals. 

Of  1897  women  delivered  under  the  care  of  the  Diipenfatr, 
63        or  I  in  3a  had  unnatural  labours  :  ixi 

x8  of  thefe,  or  i  .in  105^  the.childiea  preiented  bf 

their  i^et;  in' 
3 6  or  I  in  5  2,  the  breech  pre(ented ;  m 
8  the  arms  prefented ;  aud  in 


,  ,    .  ...»  or  s  laaHk 


.63"  - 


1^       womei^  or  X  «2  ittt  fiad  hboriooa  kbonrs :  m 
of  thefe,  or  i  in  236,,  the  heads  of  the  chitdRB 

«  lefiened ;  in 

4  a  iingle  blade  of  a  ibrceps  was  «&d;  and  m  tlic 

remaining 

5  in  which  the  faoea  of  the  chHdreii  were  turned  to  the 

pubes»  the  delivez^  was  at  kagth  accampliftcdby 
diepains^ 

•a  i;  . 


•  Iq  all  thefe  nine  cafes  the  children  were  tumeii^ 

•f  Two  of  thefe  women  have  finccbccn  delivered  of  fHll-fized  healthy  chiHim. 
A  third  bore  «  very  ihnli^nd  vrcakiy  "ciuld^  w^o  dtcU  ixk  t«vo<}r  tiuee  days.  A 
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So 

I  woman  had  convulfions  about  thefcventh  month  of  her 
pregnancy,  and  was  delivered  a  awnth  after,  of  a  dead 
child,  and  recovered. 
I  woman  had  convulfioas  duriag  labour ;  brought  forth  a 
live  child,  and  recovered, 
women,  or  i  in  210,  had  uterine  haemorrhage  before 
and  during  labour. 
Of  thefe  I  died  undelivered ; 

I  £ed  a  (sw  hours,  and 
"!  I  ten  days,  after  delivery,  and 

6  recovered* 


5  women  had  the  puerperal  fever,  of  whom  four  died.  In' 
one  of  thefe  the  placenta  was  undelivered,  and  conti-^ 

nued  fb  to  her  death. 
2  women  were  (eized  with  mania,  but  recovered  in  about 

three  months.  In 
I  woman  a  fuppuration  took  place,  foon  after  labour,  from 

the  vagina  into  the  bladder  and  redum«   This  padent 

recovered,  but  the  urine,  and  flools  continue  to  pafs 

through  tlie  wounds.  Of 

99 


fourth  was  delivered  of  a  fcvcn-moftths  child,  without  mutilating  it,  which  died  in 
it;  paflagc.    The  number  of  women,  therefore,  who  from  error  in  Lhcir  cotiforma* 
tir>a  were  incapable  of  bearing  live  children  appears  to  be  very  incoafiderablci 
Of  the  remainincr  four  I  hnvc  not  been  ciblc  to  get  ai^  intelligence. 
*  In  thefc  niac  caies  oaiy  ouc  child  was  laved. 

B  b  b  2  ,99 


X  woman  the  perinanim  vms  lacerated  ta  the  fphiote 
ani.   A  future  was  attempted,  but  without  effi:^ ;  (he 

recovered,  but  is  troubled  with  prolapfus  uteri. 
5  had  large  and  painful  fwelliugs  of  the  legs  and  thighs* 
but  recovered. 

10^  therefore  of  thefc,  or  i  in  18,  had  preternatural  or  lal>o 
rious  births,  or  fufFered  in  coiikt^ueuce  of  labour. 
Of  this  number  of  cafes  43,  on  in  44,  wese  attended 
With  pardcular  difiiculty  or  danger;  and  j  only,  or 
I  in  270,  died.  The  remaining  62  were  delivered 
and  recovered  with  little  more  than  the  comuiuu 
aifidance :  and 

179a  had  natural  labours,  not  attended  with  any  particttlar 
accidents* 

'«97 

Of  two  women  the  uterus  was  retroverted  in  the  third  or 
fourth  month  of  their  pregnancy ;  but  in  both  the  uteruo  w  . 
replaced,  and  the  women  went  to  their  full  time,  and  brought 
forth  live  children. 

Beiides  the  accidents  aboTe  enumerated,  it  feema  r^t  to 
obiervc,  that  many  of  the  women  were  affli£(ed  with  fcvcrc 
after-pains,  or  had  what  is  called  the  milk-fever;  but  ns  thefc 
complaints  were  generally  relieved  in  three  or  four  days,  and 
did  not  feem  to  have  any  influence  in  retarding  their  recovery, 
or  to  aileA  their  future  healths,  no  notice  is  taken  of  them. 
Some  women  alfo  had  (ymptomsof  incipient  prolapfiistiteii, 
who  had  nut  before  been  troubled  with  that  complaiat  ;  but  as 
X  I  feldocn 
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I  feldom  faw  tliLiii  above  once  or  twice,  I  cannot  give  the  re- 
fult.  But  as  few  of  them  were  able  to  uidulge  thcmfelves  with 
reft,  or  to  comply  with  the  rules  necefliiry  for  their  cure,  it  is . 
to  be  feared,  that  in  many  of  them  the  complaint  would  gra- 
dually inCreaie;  and  that  in  a  courfe  of  years,  the  \irerud 
would  make  its  appearance  externally,  when,  finding  it  an  im- 
pediinciit  to  their  a6livlty,  they  wouUi  apply  and  fubmit  (a 
wear  a  pefiary,  or  to  fuch  palliatives  as  in  that  ftate  can  only 
be  adminiftered.  Excepting  this  accident,  and  the  fluor  albus^ 
to  which  many  of  them  are  fubje£t  after  child-bearing,  but 
which,  I  thinkv  does  not  often  materially  af¥a£lr  their  healths 
until  late  in  hfc,  I  an^  iucliiicd  to  bcheve,  that  tlic-  lower  fort 
of  people  recover  more  certainly  after  parturition  than  perfons 
in  higher  ftations  of  life :  at  leaft,  they  are  lefs  fubjedl  to  the 
puerperal  fever,  which  is  fo  fatal,  if  not  checked  on  ita  firit 
attack ;  and  which,  if  not  caufed,  is  certainly  nouriihed»  and 
its  malignancy  increafed,  by  great  fires,  clofe  rooms,  warm 
fc:ptlc  diet  and  coftlvcnefs.  But  the  apartments  of  the  poor  are 
generally  fo  crazy,  that  without  opening  doors  or  windows,  to 
which  they  are  fufficiently  averfe,  .the  air  pours  in  upon  them 
from  all  fides.  T9  this  circumftance,  added  to  their  inalulity 
to  keep  great  fires,  or  to  indulge  thcmfclves  with  animal  food, 
r.tul  ro  the  care  that  is  taken  very  early  tu  empty  their  bowels,  1 
have  been  induced  to  attribute  their  fo,  generally  eicaping  this 
fatal  difeafe  ;  and  by  adopting  rules  in  my  private  practice  con* 
iboant  to  this  idea»  I  have  the  fatisfa^lion  to  be  able  to  fay,  that 
I  have  not  {een  the  puerperal  fever  among  my  private  patients 
for  more  than  three  vcar». 


TABLB 


^62  *  JDr.  bland's  Midwifery  Reports 

TABLB  of  the  proportion  of  male  to  female  childreiii  of  the 

number  of  twins,  and  of  the  children  that  were  deficient  or 
mouftrous,  aud  of  thofc  that  were  dead-bom. 

1897  women  were  delivered  of  1923  childreu ;  972  hcfji 
and  951  girlsy  or  as  46  boys  to  45  g^rls. 

23  of  the  womeuy  or  i  iii  80,  were  delivered  of  twins,  i$ 
of  whom  were  boys  and  30  girls. 

I  woman  w;is  delivered  of  3  girls. 

Of  the  twins  and  triplets,  therefore,  the  males  wereool|r 
half  the  number  of  the  females. 

8  of  thechildren,  or  i  in  241 »  were  deficient  or  monftvoos. 
Of  theie  I  was  web-iifigered ; 

I  had  a  hare- lip  ; 

I  had  a  droplical  head  anddiilorted  ipine; 
I  a  dropiical  head ; 
In  I  a  part  of  the  palate ;  * 
and  in  ^  a  coniiderable  portion  of  the  cranium  *  was 

wanting; 
aud  I  had  two  heads  ti  fee  fig.  i  • 

8 

~  One  I 

*  One  of  thcfe  lived  an  hour  after  it  was  bom* 

•f  This  was  the  child  of  Elizabeth  wife  of  ■        bromfifld,  Penike-maker« 
Jcct-COiUt,  Oxford-ftrcet.    It  had  two  heads  and  neckf,  four  handi  aad  arms,  , 
two  fpines,  uniting  at  the  facrum,  and  terminating  in  one  pelvis,  fcom  whence  | 
the  lower  extremities  proceeded  finglc  :  there  wns  one  navcl-Oring,  and  one  mnle 
orgin  of  generation.    On  opening  the  body  there  were  found,  two  thoracic  cavi- 
ties, the  right  more  coinpleat  thar^  rhc  lett  :  the  heart  nnd  the  hmgs  on  the 

ri^Ut  fide,  were  flooix  pcrfie^  thaa  thofc  on  tbc  Icftf  which  latter  were  veiy  fmal\. 

3  There 

I 
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One  woman  was  delivered  of  a  twin     fee  iig.  2. 

84  of  the  children,  or  i  in  23  of  the  whole  number,  were 
dead-born  t-  Of  thcfe,  49,  or  nearly  five-eightlis,  were  boys, 
and  35  were  girls. 

Of  1430  women^who  returned  their  letters,  or  of  whom  a 
certain  account  could  be  obtained,  85,^  or  nearly  i  in  16,  had 

There  were  two  ftomacht,  two  fets  of  inteftmes,  which,  it  length  uniting,  ter* 
mineted  in  one  rednm  and  tnw.   There  was  but  one  urinaty  bladder.  The 

♦ 

drawing  that  aceoitipaaies  this  will  give  a  more  juft  idea  of  its  external  figure; 
and  Dr.  huntf.s,  who  difletfted  it,  will  probably  one  day  obUfe  the  world  witb- 
W  eta^  aaatomical  dcfcription  of  it. 

•  Of  thU  fiQgular  produ&ion,  to  which  1  have  not  ventured  to  give  a  name, 
the  following  is  the  hiftory  and  dcfcription.  The  woman  who  priHMitcfi  it  i$ 
about  twcnty-levcii  years  of  age;  this  was  her  firft  prct;mnLV.  Slic  u;:s,  nftcr  a 
kibour,  delivered  of  a  female  foetus,  and  its  placenta,  in  \\  hich  nothing  unconiriion 
was  obfervcti}  and  ahho\igh  thctitcrus  rcmaim  d  of  an  unufual  fize,  yet  the  pains 
not  reconvroenciog,  there  was  no  fufpictoR  entertained  but  that  its  bulk  was  occa« 
fioned  by  coagulated  blood.  On  the  third  the  pains  became  violent,  and  this 
■lonfter  wai  bom**  Ita  fltape  was  fpherical,  but  fomewhat  flattened.  It  mea- 
inred  in  its  largeft  diameter  eight  inches,  and  weighed  about  eighteen  ounces.  It 
received  its  noutiflmient  by  an  umbilical  chord,  to  which  was  attached  a  portion 
•f  membranety.  and  although  no  placenta  was  found,  it  is  probable  it  had  a  froall 
one,  and  that  it  was  inelofed  in  its  own  involucmm*  It  was  completely  covered 
with  acutictth,  and  a  little  aiwve  the  part,  where  the  naml-ftring  terminate^,  there 
was  a  hairy  fcalp  covering  a  bony  prominence,  fomewhat  refembling  the  arch  of  the 
cranium.  On  difleftion  it  .vas  found  to  be  plentifully  fupplied  with  blood  velTcls, 
proceeding  from  the  oavel-ilring,  and  branching  through  every  part  of  it.  It  had  a 
fmn!!  brain  and  medulla  fpinalis  continued  into  a  bony  thcca,  with  nerves  pafling 
from  thence  throiigh  the  foramina  of  the  bones ;  but  no  refcmblancc  of  any 
thoracic  or  abdominnl  vifccra.    The  rclt  of  its  bulk  was  made  up  of  fat. 

\  By  dead-born  children  I  mean  rholc  that  die  after  they  have  been  perceived  to 
wove,  that  is,  generally  after  fo\ir  months.  Abortions,  or  deaths  before  that 
period,  may  reafonably  be  eilimated  at  double  this  number ;  fo  that,  perhaps, 
t  child  in  8  dies  in  the  womb,,  or  in  the  a^  of  eoming  into  the  world. 

buried 
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buried  their  children  before  the  end  of  two  months.  Of  this 
number  53,  or  5  in  8,  were  boys,  and  52  girls. 

This  lingular  circumftance  of  there  being  a  greater  r.urr.ber 
of  males  than  females  among  the  ftill-born  children,  and  of  a 
greater  number  of  male  children  dying  in  infancy  thaa  of 
ifemalest  has  been  remarked  by  Dn  ?RtCE  and  other  writers  an 
calculations;  and  Dr.  haygarth  *  has  (hewn that  atChdbr 
more  huibands  die  in  a  given  period  than  wives.  This  natu- 
rally fuggefls  an  enquiry,  whether  the  lives  of  males  are  at  all 
ages  more  precarious  than  thofe  of  females. 

To  be  enabled  to  afTifl  m  anfwering  this  queftion,  I  have 
added  the  following  article  to  my  regifter,  vhu  of  the  childicn 
that  ihall  be  living  at  the  time  the  women  apply  fi»r  thsirletlerSy 
liow  many  will  be  boys,  and  iiuvv  many  girls  ? 

*  Obfcrvations  OA  the  bills  of  nvortality  in  Cheiler  for  the  year  177X. 
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TABLS  of  the  ages  at  which  women  b^m  and  ceaie  to  be  capable 
of  bearing  €hiklren»  and  of  the  intermedute  perbda  at 
which  they  are  moft  (b. 

Of  2102*  pregnant  women 

Years  of  agr. 

+  36  or  I  in  58  were  from    -  15  to  19I  85,  or  i  in  25,  frotn 
49  or  I  11143  were          "  20  j   15  to  aoinciulive. 

578  or  5  in  Z9  were  from   -  21  to  25]  1684,  or  foiir*fifths 

699  nearly  t  in  3  were  from  261050  *  were  from  at  to 

407  nearly  i  in  5  were  from  -31  to  35  J  35  incluftve. 

291  or  3  in  22  were  ftom   -  36  to  40 

36  or  I  in  58  were  from   -  41  to  45"!  42,  or  i  in  50,  from 

6  or  1  in  j^o  were  from  46  1049/       41  to  49,. 

2102 


•  Although  2IOI  womcii,  the  number  here  mentioned,  obtained  letters,  en- 
titling them  to  the  aififtaace  of  the  midwives,  1897  only  were  delivered  by  them  : 
the  remainder  either  retnofcdont  of  the  boundt  of  the  IK^>e&lki7,  or,  from  fome 
■Itentioii  in  tlidr  dicuiaifteaoet»  ticve  oUig^  to  fo  to  en  holpiliL  or  wovkhoufiu 
f  I  of  tfaefewQiiicn  was  betireca  15  and  16  yetn  of 
I  bctweeo  x6aiid  17; 
3  between  17  end  18$ 
to  between  18  and  19 ;  end 
%\  between  19  and  sOb 
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TAALBS  of  tke  otkmlMir  ;«»f  children  borne  bj  1389  *  women, 
wkh  the  naaber  diac  were  living  at  the  time  of  tbetr 
applying  to  the  Diipcnfary. 


Wemea. 


I 

3 

^ 

1 1 
>S 

22 

33 

74 
89 

138 
169 
208 

?199 


NO    gf  chii- 

drtt,   I.  .i 
by  c»*.a  w  t»- 
fnin. 


Ptital  of  thil' 
dren  born. 


4389 


24 
17 

z6 
14 

13 

12 
II 
10 

9 

8 

7 
6 

5 
4 
3 


a4 
17 

48 

28 

220 

297 

448 
518 

534 

690 
676 
624 

299 


loti 

drcD  living. 


t54!f) 


5 
3 

5 

1 1 

46 

44 
45 
84 

93 
151 
213 

214 
288 

293 
299 

*7< 


fcrvcd  thcjr 


drra  pre> 
rerveil  by 


2224 


and  39)Sl«citife>fi|ll»Itili  ic^nancy, 
'389   . 


4 

3 

IX 

3^ 
84 

174 


7 

5 

4 

3 
a 

I 


"  1 


V- 
21 
66 
160 

23 
T2 


2B94 


and  3 1  o  haci  liB^^Mtheir 


•  In  order  to  account  for  the  difference  between  the  number  of  the  women  in 
thcfe  aiul  the  precedmg  tables,  it  is  proper  to  mention,  that  this  account  wa*  oot 
begun  uniil  fome  months  after  the  former  one.  In  thefe  alfo  care  has  hecn  take* 
that  no  woman  i?  reckoned  more  than  once,  although  many  of  them  had  baa 
alliikd  by  tin:  iiudivivcs  to  the  Diipcnfary  two,  three,  or  four  time**  370,  at 
noted  in  tlie  tabic,  were  in  tiicir  lli  fl  ptegnaiicy. 

^  Of  thefc  5419  children  2747  were  boys,  and  167;  girls,  or  nearly  as  36boyi 
to  35  girls.    This  proportion  of  the  boys  to  the  giiii  wiil  be  fouAd  a  little 
ferent  hom  what  is  given  ia  tbe  t^c  p.  36^ 


Ihave 
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I  have  pla/ced  thelc  two  tables  together,  tiiat  we  mi^ht  have 
an  opportunity  of  obferviiig  how  exceedingly  fertile  the  wonoen- 
of  th«  poorer  cl4iic3  in  tfai»  eounti/  are }  aud  at  the  iame  time 
boiw  UD^bl»  to  nax  ajoy  confidenible  number  of  children ;  for, 
although  3^1  of  tho  women  had  borne  iix  children  and  up* 
wards  each,  and  were  all  again  pregnant,  19  only  of  them 
bad  been  able  to  rear  fix  or  more  childicii ;  and,  although  102 
of  the  women  had  bcrae  nine  children  and  upwards  each,  only 
one  o£  them  had:  been  abk  to  preferve  that  number  living. 

lam  iftclined  do b^ve,  that  thia  great  mortality  ansotigfl 
tbit  chtldres  doca  ooC;  arife  fiom  any  natural  unbeciUity  or  a 
ooefticiition  vittalad  fiom  the  birth^  many  of  thole  vii£tims 
being  born  with  ^1  the  appearances  of  health  and  vigour;  but 

that  We  uugliL  ratiicr  tu  karch  for  tlic  cauleof  it  ia  the  poverty 
of  the  parents,  winch  prevents  thc.i  r.ikjiig  the  ueceffary  care 
of^  or  evea.afi»rding  iuificieut  cloathing  and  uouriihment  to 
tbdr  oftprin^  Whethec  this  great  chock  to  peculation  is  ia 
its  naewe  inqiiiodtable;  and  wbether  aa  abatonent  in  the 
pari&  ralieaaadtaaQa^  but  particularly  the  fbrmer,  toperfoiis 
rearing  more  than  a  certain  nunobor  of  children,  or  any  other 
mode  of  relief  and  encouragement,  would  contribute  to  reftrain 
fo  melanclioly  an  evil,  are  inquiries  well  deferving  the  atten- 
tion of  government.  In  order  to  determine  how  well  my  con- 
jectures on  this  fubje^  are  founded,  it  might  be  ufefui,  per- 
haps, to  learn  what  the  proportion  of  deaths  is  in  more 
opulent  families,  where  the  caufe  jufl  now  mentioned  can 
have  but  little  influence.  But  this  muft  be  the  refiilt  of  the 
united  obfervations  of  di6ferent  practitioners. 

I  fhall  lunv  from  thcfe  tables  attempt  to  colle£^  what  the 
cliancc  of  lite  is  at  different  periods,  from  infancy  to  twcnty- 
fia  years  of  age ;  but,  that  I  may  be  underilood,  it  will  be 

.  C  c  c  2  necefiary 
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neceflaity  to  premiie  fome  accoui\t  of  the  method  I  have  ibl« 
lowed. 

I  have  fuppofed  each  of  the  women  to  hear  a  child  eveiy  two 
years ;  this*  from  the  account  of  thoie  who  returned  to  the 
Oifpenikry  afecond»  third,  or  fourth  time,  appearing  to  be  the 

mean  tei  m.  Upon  this  principle,  when  I  find  that  a  woman 
applied  at  the  Difpenfary  who  had  had  one  child  before,  I  con- 
rlude,  that  that  child  would  be  rwo  years  old,  if  livin':^;  but 
if  the  woman  had  borne  two  children,  I  fuppofe  that  the  firft 
would  he  four,  the  fecond  two  years  old,  and  on*  And 
finding,  that  of  299  children  borne  by  aa  many  women,  who 
were  now  advanced  m  their  iecond  pregnancy,  i  ji^  «r  (even* 
twelfths  only  were  living,  I  conclude,  that  on  an  average  5  out 
of  12  tiic  uiider  two  years  of  age:  and  obfcrviag  that  of  508 
children  borne  by  254  women,  who  were  now  advanced  in 
their  third  pregnancy,  259  only  were  living,  I  firft deduct  210, 
which  is  five-twelfths  of  the  whole  number,  who  died  under 
two  years  of  age ;  and  then  find  diat  39,  which  is  nearly  one* 
twrelfth  of  the  vi^e  nurobei',  or  one-lcveatli  of  tlieiurvivors^ 
4ted  between  two  andibur  years  of  age. 
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TARS  of  die  chance  of  life  from  mfiuiqr  to  26  years  of  age. 


Age. 

rerfons 
living. 

Decrcafc 
of  Itfe. 

0 

54*30 

1250 

5  in  12. 

a 

3^5° 

450 

6  in  12,  or  I  in  7  of  thcfurvivors. 

4 

2700 

ibo 

8  m  15,  or  I  in  15  of  the  furvivors. 

6 

2520 

204 

4  in  7,  or  t  in  12  and  \  of  the  furvivon. 

8 

^SM 

156 

6  in  10^  or  i  in  15  of  the  furvivort. 

18 

2160 

S40 

7  in  10,  or  t  in  4  of  dw  furmon* 

26 

1620 

37S0  or  feven-tenths  would  die. 

1 620  or  three-tenths  would  be  living  at  the  end  of  26  years. 


5400 


Whether  this  mode  of  c;ilcuhtlng  the  diaiice  ut  iitc  will  be 
admitted  by  gentlemen  who  have  made  {peculations  of  this 
kind  their  peculiar  ftudy,  I  know  not.    I  confe^^  that  when  I 
firft  thought  of  ity  I  expeded  it  would  have  proved  more  cei^ 
tain  and  accurate  than  upon  examination  I  have  found  it  to  be  s 
for,  although  in  the  firft  Icries  of  years,  where  the  deaths  are 
numerous,  the  proportions  agree  tolerably  well  with  the  tables 
of  M.  BUFFO N  and  others,  yet  as  we  advance  we  hnd  ourfelves 
obliged  to  take  longer  periods  than  two  years.  Thus,  for  in* 
fiance,  we  may  obierve,  that  although  from  2  to  4»  from  4  to  6, 
and  from  6  to  %  years  of  age,  thedecreafe'CQfitSnuestogoon-; 
yet  fo  far  is  this  from  being  the  cafe  between  the  ages  oi  8  and 
lOf  or  even  12,  that  there  then  appears  to  be  fome  trifling  Ln- 
Creaie.    But  as  the  proportion  of  deaths  from  8  to  10  or  12  is 
probably  Inconiiderable,  a  very  fmall  dedudion  from  the  deaths 
in  the  earlier  3rears  would  redify  this  difference.   A  deviation* 
of  this  kind,  I  prefume,  might  be  occafioned  by  the  iisall-pox. 


or  fome  other  epidemic,  prevailing  amongft  children  dunng 
two  or  three  years  of  the  dme  I  was  miUng  tfak  eoUeSioqi 
which  would  occaiion  the  decreaie  in  the  firft  and  fecond  ferin 

to  be  greater  than  uiuai.  If  this  fhould  prove  to  be  the  cafe,  it 
is  probable,  that  in  a  courfe  of  years^  comparing  this  witk 
a  variety  of  fimilar  tableSf  the  true  medium  may  ^und. 

A  coMf  ARATivE  TABLB  of  the  popuktion  ofLondoiiy  with  a 
view  to  (hew  the  proportion  of  natives  to  perionshom  in  tbe 

difierent  counties  of  England  and  Waks,  ia  Scotland,  Irp- 
land,  or  foreign  countries. 

Of  3236  married  perfons 

S24  or  one- fourth  were  born  in  London* 

1B70  or  four-fevenths  in  the  di^rcnt  counties  of  England  and 
Wales. 

209  or  I  la  15  ia  Sootland^ 
280  or  I  in  I X  an  bclandv 

53  01  1  ill  60  were  foreigners. 

3236 


Of  the.  above  aumber  the  males  and  feoiales  wore  in  (hs 

fiiUowIiig  proportions* 

Men.  Women. 

329  were  born  in  I^ondonyand  495  or  166  more  than  men. 

9j  2            in  different  counties  917  or  35  fewer  than  men. 

135            in  Scotland,  74  or  61  fewer  than  men. 

162  —  in  Ireland,      «  x  19  or  43  fewer  than  men. 

40  —  were  fordgncrs,  13  or  27  fewer  than  men. 

1618  i6ia  166 

%  Thus, 
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Thus*  of  824  married  perfbns  bom  In  LcmdoD,  there  were 
one-fifth  mote  women  than  men.  Thi$  may  be  accounted  for 

either  by  fuppofing  a  greater  number  of  males  to  die  or  to  mi- 
grate before  they  attain  a  marriageable  age  than  women.    It  is 
alfb  to  be  obferved,  that  of  the  Scotch  and  of  the  foreigners  the 
women  are  in  profwrtion  to  the  men  as  about  1  to  3 but  oC 
the  Iriih  they  are  as  3  to  7. 

By  this  taUe  we  find  at  how  great  an  expence  ta  the  coun-^ 
tiy  dm  dty  Is  maintained;  and  as  we  may  fuppoie  that  the 
bulk  of  the  Scotch,  Irini,  and  fbragneis,  who  come  Into  the 
kingdom,  rcTidc  in  the  mctiopoUs,  we  hence  may  alfo  learn  ia 
what  proportion  tlicy  contribute  to  repair  the  wafle  which, 
is  incurred  by  its  excdiive  populouiheik  A  more  compleat 
knowledge  of  thefe  fa£ts  may  give  rife  to  regulations  which» 
if  die  calculations  of  Dr.  fricb  fliaU  be  £Dund  to  be  juft^  are 
but  too  neceffiny ;  but  I  fear  I  have  already  intruded  upon  your 
patience,  and  extended  this  paper  beyond  its  due  bounds.  I 
lhall  only  add,  that  if  thefe  inquiries  fliould  be  favourably  re- 
ceived by  the  iUuftrious  body  to  whom  you  have  fb  obligingly 
undertaken  to  prefent  them,  they  will  be  continued,  and  their 
vahie  of  courfe  increafed  by  the  additional  number  of  objects, 
idiich  each  year  will  fvpply*  ^ 

1  am»  &C.. 

St.  A 1  ban's  Street, 
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XXIII.  Account  of  a  CkiU  who  bad  the  Small-pox  in  the  WM. 
la  a  Lefterfrm  William  Wright»  M     R  R.     to  Job 

Hunter,  E/q.  R* 

Read  May  2i»  1781. 

8otttliampton-buildio«9  Holborn^ 
V  I  ftf  Feb.  27,  tfiu 

1HAVE  read  with  much  pfeadire  and  information  Mr, 
ford's  cafe,  which  you  pubUfhed  in  Phil.  Tranf.  voL 
LXX.  p.  12$.  From  the  ta^  you  have  adduced  it  amounts 
to  a  certainty,  that  her  ^stus  had  mdlved  the  variolous  m* 
hB&m  in  the  womb* 

This  induces  me  to  lay  before  y<m  a  fingular  cafe,  thatfeO 
under  my  care  fomc  years  ago.  I  am  forry  I  cannot  be  more 
particular,  having  unfortunately  loft  all  my  books  and  my 
notes  of  pradice  of  this  cafe  and  feveral  others,  by  the  captilfe 
of  the  convoy  on  the  9th  of  laft  Aug;uft. 

In  1768  the  fmall-pox  waa  Co  general  in  Jamaica  that  very 
few  people  efcaped  the  contagion.  About  the  middle  of  June 
Mr.  PETERKiN,  merchant  at  Martha-brae,  in  the  pailfh  of 
Trelawney,  got  about  fifty  new  negroes  out  of  a  ftiip:  iooa 
after  they  landed,  feveral  weie  taken  ill  of  a  fever,  and  the 
fmall-pox  appeared;  the  others  were  immediately  inoculated. 
Amongd  the  number  of  thoie  who  had  the  diieaie  in  tbe 
natural  way,  w.is  a  woaiaii  of  about  twenty-two  years  of  age, 
^nd  big  with  child.   The  eruptive  fever  was  flight,  and  the 

finall-pox 
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fmall  pox  had  appeared  before  I  faw  her.  They  were  tew, 
dKVIn^  and  large,  and  (he  went  through  the  difeafe  with  very 
little  trouble,  till  on  the  fbuiteeirth  day  from  the  eruption  (he 
litras  attacked  with  the  fever,  which  lafbd  only  a  few  hours* 
She  was,  however,  the  fame  day  taken  in  labour,  and  deli* 
vered  of  a  female  child  with  the  ftnall-poz  on  her  whole  body, 
head,  and  extremities.  They  were  di{Hn6t  and  very  large, 
fuch  as  they  commonly  appear  on  the  eighth  or  ninth  day  in 
favourable  cafes.  The  child  was  fmall  and  weakly ;  (he  could 
fuck  but  little ;  a  wet  nurfe  was  procured,  and  every  po(rible 
care  taken  of  this  iofant^  but  ihe  died  the  third  day  after  (he 
was  bora.  The  mother  recovered,  and  is  now  the  property  of 
ALBXAMDBR  PBTBSKIN,  £(q.  in  St.  James*s  P^riih. 

In  the  oourfe  of  many  years  pradice  in  Jamaica,  I  have  re* 
marked,  that  where  pregnant  women  had  been  feized  with  the 
natural  fmall-pox,  or  been  by  mlftake  inoculated,  that  they 
generally  mifcarried  in  the  time  of,  or  foon  after,  the  eruptive 
fever ;  but  I  never  faw  any  figns  of  fmall-pox  on  any  of  their 
bodies^  except  on  the  child's  above  mentioned^ 


V0L.LXXL 
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XXIV*  Natural  Wpry  pf  tie  JnJtQ  'mhkh  pr^tn  tht  Gum 
Lacca^        M^^^jimi^  lUrr,  ^  Fatua;  commmkated  kf 

►  •  •  • 

r 

t  *  »  '  I. 

coccus  LACCA, 

Head  and        THE  head  and  trunk  form  one  unlforno,  oval 

trunk,^  .  J  comprefled,  red  body,  of  the  (hape  and  magni- 
tude of  a  very  fmall  loufe,  confiflliig  of  twelve 
tiraiifverie  rjfigs*  The  back  is  carinate ;  the  belly 
;  flat  i  dbe  .antepnas  half  ihe  Inigch.Qf  the  body, 
tl^fcm,  rfnuvcated,  atid  diverging,  fending  off 
two,, often  three,  delicate,  diverging  hairs,  longer 
than  the  antenna?.  The  mouth  and  eyes  could 
not  be  feen  witli  the  naked  eye. 

Tail*  The  tail  is  a  little  white  point,  fending  off  two 

horizontal  hairs  as  long  as  the  body. 

Feet*  It  has  three  pair  of  limbs,  half  the  length  of 

the  iafe<ll. 

I  have  often  obferved  the  birth  of  thefe  iiife^^s, 
but  never  could  fee  any  with  wings ;  nor  could  i 
find  any  difiin^iQii  of  kifu%  nor  obferve  their 
connubial  rites :  nature  and  analogy  ieem  to  point 
out  a  deficiency  in  my  obfervations,  pofTibly 
1  owing 
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owing  to  the  minutenefs  of  the  objecl,  and  want 
of  proper  glafles. 

This  infect  is  defcribcd  in  that  ilr.te  in  which 
'  '  St  falfie^  fbnh  from  the  womb  of  the  parent  in 
the  months  of  November  snd  I>eGember.*  They 
traverfe  the  branches  of  the  trees  upon  whidi 
they  were  produced  for  feme  time,  find  then  fix 

.  themielvcs  apon  the  fuccukut  extremities  of  the 
young  branches*    By  the  middle  of  January 

'  tbey  are  all  fixed  jn  their  propi^r  fituattons,  they 
fl|)pear  at  pltimfy  a»  before^  b«t  ftew  no  otheif 
noarks  of  Ufc.  Tlie  Umbs,  antennse,  and  fetsB 
of  the  tail  are  no  longer  to  be  fecn.  Around 
tlicir  edges  they  are  otvifoned  with  a  fpifiid  fub- 
pdfaidd  U<|iud|  vAucki  ibemfl  tQ  g|ae  them  to  the 
branch :  k  is  the  gradual  accumuUtiou  ojF  this 
liquid,  which  fbnrts  a  oornplsat  cell  for  «K;h  in- 
fe£^,  and  is  what  is  called  Gum  Lucca.  About 
the  middle  ot  March  the  cells  are  completely 
formed^  iuid  the  infed  is  in  appearance  oval, 
fmDOth»  rad.bag,  without  life,  abdot  the  fize  of 
a  (man  cbchanieal  infeai,  emarginated  at  the  ob* 
tufe  end,  full  of  a  beautiful rbdliqiiid.  InOfto* 
her  and  November  we  find  about  twenty  or  thirty 
oval  eggs,  or  rather  young  grubs,  within  the 
red  fluid  of  the  mother.  When  this  fluid  is  all 
expended,  the  young  infe6b  pKise  a  hole  through 
the  back  of  their  mothef^  and  walk  off  one  by 
:  ■  one,  leaving  their  exuvijj  behind,  which  is  that 
white  membraneous  fubilance  found  in  the  empty 

cells  of  the  Stick  I^a 

d  d  a  riace. 
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The  infe^s  are  the  mh^bhasktB.<»£  jRwrtt^elk 

1.  Ficus  Religiofa;  Kr:iRKJBl«.^^  I^oAlAnv 

Pipui.    Bvinv.iri  Tree.       -  •*'UC  • 

2,  Ficus  Indica,  LiNN^Ki*  laHi&doibn^i^* 
Banyan  Tree.  ^  ^ 

3»  Plafo  Hortua  MalafaoHck  i  ^  the  iiali»e9» 
Praib.        •■'    .'iii 

4.  Rhamnusjujuba,  linn;ei.  Li  Hmdofbnick,. 
Beyr. 

The  iiife£ts  generally  hx  themi^lves  ib  cloic^ 
togethec^  and  ki  inch  numbers*  that  I  imag^ 
only  one  m-ifix  can  Jgiave  soom.  ta  compkat  her 
cell  t  the  others  (tie,  and  are  eat  up  by  nnooa 
infefts.  The  extreme  branches  appear  if 
they  were,  covered  with  a  red  duft,  and  their  lap 
is  ib  much  exhauftcd,  that  th^  wither  and  pro- 
duce no  fruity  the  leaves  drop  ofl^.  or  turn  co  1 
dirty  blade  colour*  Theie  inie5ls  are  tranfplanted 
by  birds  r  if  they  perch  upon  thefe  branches^, 
they  muft  carry  off  a  number  of  the  infeflsupon 
their  feet  to  the  next  tree  they  reil  upoi^  It  is 
worth  ■  obfervingt  th^  theie  fig  trees  whm 
wounded  drop  ft  milky  juice^  which  infiantly 
coagulates  into  a  vifcid  ropey  fubfbtnce^  whicb^ 
hardened  in  the  open  air,,  is  limilar  to  the  cell  of 
the  Coccus  Lacca..  The  natives,  boil  this  milt 
with  oils  into  a  bird-lime,,  which  will  catch  pea* 
cocks  or  the  laigeft  birds* 

A  red  medicinal  gum  is  procured  by  mdfion 
Irom  the  Plafo  Tree,  fo  fimilar  to  the  Gum 
X^cca  that  it  may  readUy  be  taken,  for  the  fame 

fubfiance. 
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hfi&  which  prodittn  tbi  Gum  Leeea,  3^7 

fubfhknce.  Hence  it  is  probable,  that  thofe  in- 
fects have  Uttk  trouble  in  animalizing  the  fap  of 
theie  trees  in  the  formation  of  their  cells.  The 
Oum  Lacca  is  rarely  leen  upon  the  Rhanrnus 
Jujuba ;  and  it  is  inferior  to  what  is  found  upon 
the  other  trees.  '  The  Gum  Lacca  of  tliis  coun- 
try  is  principally  found  upon  the  uncultivated 
mountains  on  both  fides  the  Ganges,  where  boun- 
tiful nature  has  produced  it  in  fuch  abundance, 
that  was  the  confumption  ten  rimes  greater  the 
markets  might  be  fupplied  by  this  minute  mfed. 
The  fxAf  tiouble  in  procuring  theLac  is  in  break- 
*  '  ing  down  the  branches,  and  carrying  them  to- 
marlcet.  The  prefenf  price  in  Dacca  is  about 
twelve  fliillings  the  hundred  pounds  weight,  al- 
*  •  though  it  is  bmught  from  tlie  dillant  country  of 

Aflam.  The  beft  Lac  is.  of  a  deep  red  colour. 
If  it  is  palie,  and  pierced  at  top,  the  value  dimi- 
niflieSf.  becauTe  the  inie^  have  left  their  cells, 
■  and'oonfequently  they  can  be  of  no  uie.  as^a  dye: 
or  colour,  but  probably  they  aoc  better  for  var«- 
nillies. 

This  infect  and  its  cell  has  gone  under  the- 
various  names  of  Gum  Lacca,  Lack,  Loc  Tree.. 
In  Bengal,  La ;  and  by  the  Engliih  it  is  dilUii- 
guifhed  into  four  kinds. 

I  ft.  Stick  Lac,  which  is  the  natural  ihte  from, 
which  all  the  others  .are  formed* 

9.  Seed  Lac  is^  the  cells  feparated  from  the 
fiicks. 

3d.  Lump 
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pj|  Hir.  imt*^*  Wltny'^  tie 

-rrt     j.'i  *       3«J.  Lump  Lac  is  Seed  Lae  .ii^jjiified  by  fire, 

lo  .  aad  formed  tato  cakes. 

»         *  • 

j.ir    rilr^      4tK*  Slieil  lae  i»  the  cells  ii^fied,  ftnuofid« 
and  foTflaed  toto  thtil  tranfparoBC  laminae  in  the 

;  Following  manner.    Separate  the  cells  from  the 

branches,  break  them  into  lm;ili  pieces,  throw 
them  into  a  tub  of  water  tor  one  day,  waih  off 
the  ltd  water  and  df/  the  celb»  mi  with  them 
iUl  a  cjrlindikal  mhe  of  oittoo  ^h,  two  feet 
long,  and  one  or  tw»  inehes  m  diameter;  tie 

, .  boiii  ends,  turn  the  bag  abave  a  charcoal  fire;  as 

.  ■  the  Lac  liqiuhes  twifl  the  bag»  and  when  a  fuf£- 

cient  quantity  haa  traniuded  the  pores  of  the 
cloth,  lay  it  npbn  a  fiadoth  juttk  of  the  Plan* . 
tain  tree  (Mufk  Paradttiacn»  biamiN),  and  iridi 
'  a  ftrip  of  the  Plantain  leaf  draw  it  into  a  thio 
lamella  ;  take  it  off  while  flexible,  for  in  a  mi* 
nute  it  will  be  hard  and  brittle*  The  value  of 
SheU  Lac  is  siBOoidtDg  t»  ict  traai^Mency. 

Uie  feo  the      This  is  one  of  the  moft  uMil  infeds  yet 

natiTes.  difasvered* 

Ornaments  The  natives  couluine  a  great  quantity  of  Shell 
for  the  la<»  Lac  in  making  ornamental  rings,  painted  and 
(&8»  gilded  in  variouA  tades,  to  decorate  the  arms  of 

the  ladks;  and  it  ts  fi>rilied  into  beads,  fpiral 
and  linked  chains  foe  neckisM^  and  other  female 
ornaments. 

Sealix^wax*  Take  a  flick,  and  heat  one  end  of  it  upon  a 
charcoal  iire ;  put  upon  it  a  few  leaves  of  the 
SheU  Lac  foftened  above  the  £re;  keep  alter- 
nately heating  and  adding  more  Shell  Lac,  until 

yoa 
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InfeSi  which  produces  the  Gum  Lacca, 

70U  have  got  a  mafs  of  three  or  four  pounds  of 
Uqwfied  Shell  Lac  upon  the  end  of  your  flick*. 
Knead  this  upon  a  wetted  hoard  with  three 

ounces  oi  levigated  cinnabar,  torm  it  into  cyliii- 
dri^  pieces ;  and,  to  give  them  a  polifli,  rub 
them  while  hot  with  a  cotton  cloth* 

Japanning«  Take  a  \\tmp  of  Shell  toe,  prepared  in  the 
manner  of  iealing-w^x,  with  wliatever  colour 
you  pleafc,  fix  it  upon  the  end  of  a  ftick,  heat 
the  polilhed  wood  over  a  charcoal  fire,  and  mb  it 
over  with  the  liaif-melted  Lac,  and  poHfh,  by 
robbing  it  even  with  a  piece  of  folded  Plantain 
Jeaf  held  in  the  hand ;  heating  the  lacquer»  and 
adding  more  Lac  aa  occadon  requires.  Tlieir 
fip,ures  arc  tornied  by  Lac,  charged  wuh  various 
colours  in  the  lame  manner. 

Ymufll*  In  ornanoenting  their  images  and  religlotis 

]^oui(e«t  ^*  they  nake^ife  of  very  |hin  beatlead^ 
which  they  cover  with  various  vamiihes,  made  of 
Lac  charged  with  colours.  The  preparation  of 
them  is  kept  a  fecret.  The  leaf  of  lead  is  laid 
Upon  a  iioiooth  ko^  heated  by  lire  helow,  while 
ib^  fpcead  tlw  vamiA  upon  it. 

GEctndfloim  Take  of  river  iand  three  parts,  of  Seed  Lac 
wafhed  one  part,  mix  them  over  the  fire  in  a  pot, 
and  lurni  tiic  mais  into  the  ihape  of  a  grliid- 
iione,  having  a  fquarc  huic  in  the  center,  iix  it 
.on  an  axis  with  lk|ui6ed  l^ac,  heat  the  flonc 
'4l»49fate|]r»  and  by  turning  the  axis  it  may  ealily 
be 'ibnned  into  an  exa£(  orbicular  lhapc.  Poliih* 

Ift -tiut  smuttkct  it  Jimp  Lac  is  £Dra>ed  (nxax  Setdlac, 
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' "  :  ^  ing  gritidibDes  itt  ma^  onljr  of  fuqh  fand  as  will 
pais  eafily  (hnni^  fiae  moflta*  -  ki'^  proportm 
of  two  pafr»  iand  to  6ne  of  titfl^i^  This  fand  U 

found  nt  RnglmauU  It  is  compofed  of  fmall  an- 
gular cryilalliiie  particles,  tinged  red  with  iron, 
two  parts  to  one  of  black  magnetic  fand. 

The  Aone-cutters,  inftead  of  fand,  vie  the 
powder  of  a  very  hard  granite  called  Conine^ 

Tilde  giiiidiloncs  cut  very  fafl.  When  thejr 
want  to  incicafe  their  power  they  throw  land 
upon  them,  or  let  them  occafionally  touch  the 
edge  of  a  vitrified  brick.  The  faofb  compofidoa 
is  formed  upon  iBcks^  for  cutting  (lonesi  (hells^ 
»  &c,  by  the  hand. 
Painting.  Take  one  gallon  of  the  red  liquid  from  thcfirft 

wafliing  tor  Shell  Lac,  ilrain  it  through  a  cloth, 
and  let  it  boil  for  a  ihort  time,  then  add  half  an 
ounce  of  ibap  earth  (foilil  alkali) ;  boil  an  hour 
more,  and  add  three  ounces  of  powdered  load 
(bark  of  a  tree)  ;  bull  a  (hort  time,  let  it  Hand 
ail  night,  and  ftrain  next  day.    Evaporate  three 
quarts  of  milk,  without  cream,  to  two  quarts, 
upon  a  flow  fire^  curdle  it  with  four  milky  and 
let  it  fhmd  for  a  day  or  two;  then  mix  it.tnth 
the  red  liquid  abovfc  mentioned?  flrain  them 
through  a  cloth,  add  to  tlic  mixture  one  ounce 
and  an  half  of  allum,  and  the  juice  of  eight  or 
ten  lemons :  mix  the  whole,  and  throw  it  into  a 
cloth-bag  flrainen  The  blood  of  the  in(e£k  forms 
a  coagulum  iii4th  the  cafeous  part  of  the  milk, 
;iiid  icmaui:)  in  the  bag,,  while  a  limpid  acid 

water 
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water  drains  from  it.  The  coagulum  is  dried  in 
the  ihade,  and  is  ui'ed  as  a  red  colour  iu  paiuciiig 
and  colouring* 

D/ii\g«  Take  one  gallbli  of  the  red  liquid^w^red  at 

before  without  milk^  to  which  udd  thi^  bunoes  of 
flUum*  Boil  thice  or:  fowr  ounceSf  of -tamiirinds 
in  a  gallon  of  water,  aild  ftrdn  fh^liqno5  ^Mis 

equal  parts  of  the  red  liquid  aud  tamarind  watec 
over  a  briik  fire.  In  this  mixture  dip  and  wring 
the  filk  alternately  until  it  has  received  a  proper 
quantity  of  the  dye..  To  increafe  the  colour,  in- 
crea||^|h^rb|fmo«i^^^  and  let 

the  .aj^  ^ninylicf^  in  tbe^dUture.  To 

makk  t^<^  filk  h^^coSour,  diejr  bml^Jiandful 
cf  t&'hitk  caUisd  ^Eea44a  ^1^^  main  the  de^ 
co£tion, -and  add  cold  water  to  it ;  dip  the  dried 
(ilk  into  this  liquor  fevcral  times,  and  then  dry 
it.  Cotton  cloths  are  dyed  in  this  manner ;  but 
the  dye  Is  not  fo  la/ling  as  in  filk. 
^^paniih  wod.  The  JLac  ooknir  is  preferved  by  the  nadve« 
upon  flakes  of  cotton  dipped  repeatedly  into  t 
ftrong  folutbn  of  the  Lac  Inled;  m  waterg  and 
then  dried. 

Uic  to  the  Europeans.     See  European  authors* 


EseflanatiM  of  the  figures. 

-TbeCwciia  Lacca  at  its  birth.  ^^^^^^ 
^  I^tD^  big  with  youbg^   .  J 

y  The  embrio  before  birth  inclofed  in  its  membrane,! 
i  The  Coccus,  with  two  hairs  from  each  antenna.  > 
Ditto,  with  three  hairs  fram  each  antmiia^  >  * .  J 
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XXV.  'ef  a'  Pbenomem^  cbfirwed  ufoft-ibe  ffland  of 

'  Sumatra.    By  WljiUam  Marfdcii,  Ef^. ;  communkakd  by  Sir 
Igfcph Banks,  P,R.S,  ..  , 


.  '  .  Koad May  24,  1781/ 

DURING  my  refidence  on  the  ifland  of '^dmatra  in  the 
'  £aft  I9£e6,  I  had  cccafkni  to  oblerve  a  ph<snea»enon  fin-^ 
golar,'  I  bdieve,  in  itskind,  an  account  of  ivhidi  inViy^not  per- 
haps be  liriinterefttng  to- the  cumiiSi;      '  ' 

In  the  year  1775  the  S.E.  or  dry  monroon,  fct  in  nbout  tlie 
middle  of  June,  and  continued  with  very  little  intermilTion  tiJI 
the  month  of  March  in  the  following  year.  So  long  and 
feverc  a  drought  had  not  been  experienced  then  in  the  memorjr 
the  oldeft  man.  The  verdure  of  th&  ground- Wa^  burnt  up,  the 
trees  were  ftnpped  of  their  leaves,  th'^^lprings'o^  tvater  ^ll^d^ 
and  the  earth  every  .where  gaped  in'  filTurea.  For  fbine  ftme  i 
copious  dew  falling  in  the  night  fupplied  the  deficiency  of  rain  i 
but  this  did  not  long:  yet  a  thick  fog,  which  rendered  the 
neighbouring  hills  invifible  for  fnonths  together,  and  nenrly 
obfcured  the  lun,  never  ceafed  to  hang  over  the  land,  and  add 
a  gloom  to  the  profped  already  but  toO  melancholy.  The 
European^  on  the  coaft  fuffered  extremely  by  fickn'efs ;  about  aT 
iburth'patt  of  the  whole  number  being  carried  oiT.hy  fevers 

£  e  e  2  and 


384  MARSDEN*8  AccoHtii  if  a  Pbenomemtt 

flhd  other  bilious  diftempers,  the  depreffion  of  fpirits  whi^ 
they  laboured  under  not  a  little  contributing  tohaiba  the  fatal 
efl%€ts.  The  natives  alio  died  in  great  numbers* 

In  the  month  ol  November  1775,  the  dry  feafan  liaving 
then  exceeded  its  ufual  period,  and  the  S.E.  winds  continuing 
witli  unremitting  vioienee,  the  fea  was  obferved  to  be  covered^ 
to  the  diftance      a  mile^.  and  in  ibme  places  a  league  km 
flioiCy  with  Jift>  floatmg  on  the  furface.   Great  quantities  of 
them  were  at  the  fame  time  driven  on  the  beach  or  left  there* 
by  the  tide,  ibme  quite  alive,  others  dying,  but  the  grearcii  part 
quite  dead.  The  fifh  thus  found  were  not  of  one  hut  various  Ipe- 
cies,  bothkrge  and  fmall,  fiat  and  round,  the  Cat-fijQb  and  Mullet 
being  generally  the  moft  prevalent.  The  numbers  were  pfodigi*- 
9us»  and  ovcsipread  the  ihore  to  the  extent  of  fome  dtgiees;  of 
this  I  had  ocular  proof  or  certain  information,  and  probably  they 
extended  a  confiderable  way  urther  than  I  had  opportunity  cf 
making  enquiry.    Their  firll:  appearance  was  fuddcn ;  but 
though  the  numbers  diminifhed,  thty  continued  to  be  throwa 
up,  in  feme  parts  of  the  coajft,  for  at  leaft  a  month*  fiiraifluDg 
the  inhabitants  with  food*  which^  though  attended  with  &o 
immediate  ill  confequence,  probably  contributed  to  the  on- 
healthinefs  fo  feverely  felt.    No  alteration  in  t!ic  wcariiir  had 
been  remarked  for  many  days  previous  to  their  appearance. 
Tiie  thermometer  iiood  a&  ufual  at  the  time  of.  year  at  about 

Various  were  the  coi^edures^  formed  as  to  the  cauie  of  this 
extraordinary  phenomenon,  and-  almoft  as  various  and  contra* 

di£iory  were  die  eonfequences  deduced  hv  the  natives  from  an* 
omen  fo  portentous;  ibme  inferring  the  continuance,  and 
others,  with  equal  plaufibility,  a  relief  from  the  drought. 
With  refpe^  to  the  caufe,  I.  muft  confefs  myfelf  much  at  > 

7  ^ 
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Icfs  Co  account  fo^  it  fatisfadtoriiy.  If  I  might  hazard  a  con- 
je^urey  and  it  is  not  ofibred  as  any  thing  more,  I  would  fup* 
poicy  that  the  iea  requires  the  mixture  of  a  due  proportion  of 
frefli  water  to  temper  its  faline  quality,  and  enable  certain  fpe- 

cies  of  firti  to  fubfift  in  it.  Of  this  falubrious  corrcdtion  it  was 
deprived  for  an  uaufual  Ipace  of  time,  not  only  by  the  want  of 
rain,  but  by  the  ceafing  of  many  rivers  to  flow  into  it,  whoie 
ibuices  were  dried  up.  I  rode  acrois  the  mouths  of  feveral  per* 
fsBXj  diy,  which  I  had  often  before  paffed  in  boats.  The  fifh 
no  longer  experiencing  this  refreihment,  neceflary  as  it  would 
ieem  to  their  exiflence,.  fickcaed  and  perifhed  as  in  a  corrupted 
element. 

If  any  thing  fimilar  to  what  I  have  above  defcribed  has  been 
noticed  in  other  parts  of  the  world,  I  fhould  be  happy  by  a- 
compariibn  of  the  attendant circumftances,  to  inveiHgate  and' 
afcertain  the  true  caufes  of  fo  extraordinary  an  efied.   In  com-»- 

municatlng  to  you  the  obfervations  I  have  made,  I  purine-  the: 
moil  likdy  means  of  ol^t^ing  this  fatisfadion. 


I.  have  (he  honour  to  be,  &c. 
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XXVI.  Farther  Expertminti      Coldy  made  at  the  l^cifarlane  I 

Obfirvatory  belonging     Gfl^igow  College.    In  a  Letter. fim  \ 

'  ■  Patrick  Wilfon,  M,  A.  to      i^^u.  NevH  Ma(k%ne,  D.  D,  ' 

F.  R,  S,  and  jyirotiomer  Royal,     \"       /  ,  '  ' 


•       :  ,      .  ■  ;  . .  ....... 

Read  May  24,  178^1.  ;  ' 

,    D.EA»   SIR,..    .  .    .  \     ;  -  ^X't?^^ 

SOME  days  of  very  cold  weather,  which  we  had  lately  in 
this  cotinlry,  having  afforded  an  opportunity  of  profecuting 
ia  little  factlier  the  experiments  and  obiervations  begun  in  the 
courfe  of  lad:  year,  I  ntSfk  do  myfelf  the  plea{bre  of  comimtni^ 
eating  to  you  the  following  particulars,  which  perhaps  maybe 
conlult-  ad  as  not  unworthy  of  notice.  * 

Thcfroft  let  in  on  Sunday  the  21ft  of  January,  after  a  con- 
(iderable  tall  of  fnow  on  the  preceding  evening,  and  about  mzd" 
liight  the  thermometers  were  expofed  near  to  the  Obfervatory 
in  the  iltuations  menttpned  in  my  fbrm^eiTl^er.  The  follow- 
ing rcglller  fliews  the  difference  of  tfeftipferature  between  the 
Inow  and  the  an",  til)  eioht  o'clock  -pn  iVjonday  morning,  to 
which  are  fubjuined  Ibnie  ta<5ls  whiclx  ,prtJve  very  confonant  to 
thofe  defcribed  in  the  former  paper. 

The  fign  -  prefixed  denotes  degrees  below  o.  The  fign  + 
degrees  above  o  o'f  fahrsnheit^s  thermometer. 
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»Krpm  one  .o*clock.till  three  in  the  mokroing  the  thermometer 

in  air  at  the  baluftrade  of  the  eaft  wing  of  the  Obfcrvatory 
pointed  from  -^4  to'  -f  6,  .iiui  on  the  Inow  thdri  ^dfrt--  2  to 
o.  At  half  aa  hour  after  one  the  tbcrmometep  in'  sir,  •  twenty- 
four  feet  from  the<^imdt  and  to  th«i«^aticlMiard  W-  t)i^'kouie^  • 
pointed  to  +  79  and  at  eight  o^clock*  to  + 1*  At  three  o'clock 
the  fnow  in  the  park»  three  inches  below  the  fur&ce,  raifed  the 
thermometer  to  +14,  and  at  iix  inches  below,  near  theground» 
to  +  24.  The  barometer  ftood  at  29.8  inches,  and  there  was  a 
perceptible  niotiuii  of  the  air  from  the  eaft  and  one  point  foutU, 
This  night  was  a  very  general  and  lively  aurora  borcalis,  men: 

part 


part  of  it  of  a  bright  red,  which  formed  a  crown  near  to  the  ie« 
nlth ;  but  it  moiUjr  vanilhed  about  three  o*elock,  after  which 
time  the  air  became  more  fiiU.  During  the  whole  of  thia  nighti 
a$  well  as  of  the  fucoeeding  times  of  obfervlng,  the  air  wai  not 
nearly  fo  much  dlfpoiedto  give  out  h(»r«lroftasit  was'laft^. 

On  Monday  evening  tlie  difference  of  temperatvire  was  tbuud 
to  be  asiu  the  followiug  r^giiter. 

Monday  evening, 

Therm.  Ihcrm. 

h.  Ola  in  air.  ioinoyr. 

8  ^  ^  ^  ^         +16  +7 

8  30  —  —  ^  —         H-14  +3 

9  ^  ^  ^  ^         +  8  +4 

9  30         —  —  —  +7+1 

10  —  —  ^         +  7  *S 

10  30         —  —  —  —  +6+0 

1 1  Bait  6f  diemu  |  tH'ijicli  aboie'die  forftce  the  <boir>-t>  5  +1 
la     Ditm^         —       —       —       ^        1"  S  ♦! 

Tuefday  mombg. 

1      BilUf  tem.  at  fynaeAf  half  iBineribd  in  the  Ibinr,  4>  .6  +$ 

a  —  —  —  +  8  +1 

a  30  —  .  +10  +6 

No  aurora  this  evening ;  the  air  very  iKU  and  ierene  till 

about  two  o'clock  Tuefday  morning,  when  tiie  wind  lofe  re- 
anarkablj;^  aiid  doudfi  formed  in  the  not  th*eaft. 
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Expertmeuts  on  Coli,  jtf 

On  Thorfday,  January  25,  the  di&rence  of  temperature 
was  knmd  to  be  as  here  fet  down* 


ThurOay  morning. 


Thermometer 

Thermometer 

In  «ir* 

+  3 

1 0 

+  3 

10  30 

+  14 

+  4 

II 

+14 

+  8 

tl  30 

+  17 

+  9 

12 

+  2Q 

+  12 

'12  30 

+  22 

+  20 

I  afternoon. 

-  +25 

+  26 

I  ^0 

+  27 

+  27 

From  ten  till  eleven  o'clock  this  forenoon  the  thermometer 
on  the  baluflrade  in  air,  iix  inches  above  the  fnow,  pointed  to 
+  14,  and  when  tried  upon  the  fnow  to  +10.  About  noon 
this  day  fbme  cloujls  were  formed,  which  became  quite  general 
by  one  o'clock. 

During  the  two  laft  times  of  obfcrving,  three  experiments 
were  made  witii  a  view  of  difcovcriiig  whether  the  fnow  with- 
out doors  was  gaining  any  thing  from  the  air ;  or  If  any  of  it 
was  carried  off  in  the  way  of  evaporation  ?  For  this  purpofc, 
a  ihallow  difh,  made  of  iheet  brafs,  four  inches  in  diameter, 
was  exadly  filled  with  fnow,  and  carefully  weighed.  In  order 
to  defend  the  outfide  of  the  diih  from  the  air,  that  no  hoar* 
firoft  might  attach  itfelf  to  the  metal»  a  circular  hole  was  cut 
in  the  lid  of  a  paftc-board  box,  fo  wide  asjuft  to  let  in  the  dilK 
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to  the  very  brlnriy  fo  that  nothing  communicated  with  the  ex- 
ternal air  but  the  fnow  itielf.   The  apparatus,  in  this  fbte,  was 

let  without  doors  for  three  hours  each  time,  and  then  brought 
in  to  the  lobby  of  the  Obfervatory,  where  the  diih  was  again 
weighed :  but  in  none  of  thefe  trials  did  it  ever  appear,  that 
iinyweight  was  loft.  On  the  contrary,  at  the  iirft  weighing, 
which  was  on  Monday  night,  twelve  o'clock,  it  had  gdoed 
five  grains.  In  the  other  two  trials  the  increaie  of  weight  was 
fcarce  perceivable. 

The  temperature  of  the  air  in  the  weft  room  of  the  Obfenra- 
tory  remaining  very  conftantly  for  near  two  days  at  +  27',  a 
dilh  of  fnow,  (imilar  to  the  other  expoied  there,  was  found  t«> 
lofe  w  eight  very  fenfibly,  an^  for  the  moft  part  at  the  rate  of 
two  grains  in  an  hour.  Notwithftanding  this,  the  fiiow 
thus  wafting  or  evaporating  had  no  ])ovver  of  finking  the  ther- 
mometer below  +27,  the  temperature  of  the  furrounding  air; 
though  nt  onetime  it  was  f?.nned  for  four  minutes  by  a  piece  of 
paper  faflened  to  the  end  of  a  long  ftick.  Not  to  difturb  die 
uniform  temperature  of  this  rodra  during  thefe  experiments,, 
care  was  taken  to  ftay  in  it  a  very  fhort  time  at  every  vifit,  and 
to  keep  the  door  and  the  window- fhutters  clofe. 

On  Chriftmas-day  we  had  a  froft»  which  in  the  morning^ 
made  the  thermometer  in  air  point  to  +21 ;  and  during  the 
preceding  night  there  had  been  a  profuie  depofition  of  hau- 
froft.  A  pound  of  this  was  colleded,  and  its  capacity  for 
heat  compared  to  that  of  ice,  and  found  equal  a5  nearly  as 
could  be  judged.  Before  making  the  two  mixtures  neceffary 
for  this  experiment,  the  ice  was  reduced  to  a  powder,  and 
fpread  out  on  a  paper  beiide  the  hoar*froi);  till  both  had  acquired* 
the  fame  temperature^ 
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On  Monday  night,  Jimuniy  22,  ahout  twelve  oVlock,  \)Av 
mg  occafion  to  take  up  a  little  liiow,  there  was  obfcrved  a  colie- 
fioa  among  its  parts  rather  greater  than  what  might  have  bcsn 
expe^ed  in  a  fubdance,  at  that  time,  (b  much  frozen.  This 
^ircumftance  was  farther  examuicd  by  the  following  experi- 
ment. A  pans  of  glafa  was  laid  on  the  furface  of  the  frtow 
till  it  !iad  iicquiad  r!iL- temp.  r;;tiirc  of  +3,  af[er  Vvlilch,  with 
a  bit  ot  parclimeiit  equally  cold,  lome  faow  was  fc raped  trom 
the  very  furfac?,  nn  J  Ihakeii  all  over  the  pane,  fo  as  to  cover  it 
in  moil  parts  lightly.  Upon  now  liftbg  tlie  pane,  and  holding 
it  with  the  fnow  undermoft,  the  whole  of  it  adhered,  and  it 
required  fome  fmart  raps  before  the  greater  part  fell  away. 
What  remained  cleaved  to  the  glali  with  ftill  a  greater  adhclion. 

Xhe  experiments  related  above  attord  further  reafons  agalnft 
the  opinion  of  the  difference  of  temperature  betwixt  the  faow 
or  hoar-fcoH:  and  the  air  depending  upon  evaporation.   It  would 
moreover  appear,  that  this  phenomenon  depends  not  either  upon 
the  depofition  of  hoar-froft.    What  renders  this  the  more 
probable  is,  that  on  lad  year  there  was  a  much  more  copious 
depofition  at  times  when  the  difference  of  temperature  was  not 
more  remarkable.   But  allowing  that  a  depdiitiou  had  been 
£>und  a  neceflary  circumftance, .  and  always  in  proportion 
to  that  difference,  the  experiments  on  the  capacities  of  hoar-* 
fioil  and  ice  fcem  to  fiicvv,  tliat  the  icalible  heat  which  difap- 
pears  enters  not  into  the  compofition  of  the  hoar-froft ;  other- 
wife  the  capacity  of  this  fubf^ance  for  heat,  compared  to  that 
of  ice  or  common  fnow,  ihould  be  very  difierent*   It  muft  be 
coDfe0ed,  however,  that  the  above  mentioned  experiment  would 
have  been  more  applicable  to  this  reafbning,  had  St  been  made 
with  hoar-ifoft  given  out  in  colder  ftates  of  the  an. 
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If  the  air,  at  low  temperatures,  had  any  power  of  zdk^ 
upon  the  fnow  or  hoar-froft,  fo  as  to  produce  a  gradual  pelt- 
ing, this  circumftance,  according  to  the  known  laws  of  heat, 

might  occafion  the  diii'crence  of  temperature  under  conftde- 
latioji.    And  what  renders  this  idea  not  altogether  iraprobahic, 
is  the  peculiar  cohefioti  among  the  parts  of  the  fnow  above  die* 
icribed.   Perhaps  a  gentle  melting  might  take  place  widiout 
much  altering  the  appearance  of  the  fnow  or  hoar^froft  at  the 
furfacc,  as  the  parts,  when  diflblved,   might  be  gradually 
fucked  downwards,  and  be  afterwards  diftributed  through  the 
whole  drier  mafs.    It  may  alfo  be  worthy  of  an  experimeutal 
inquiry  to  determine,  how  far  that  fort  of  coneredbu,  ob- 
iervable  all  over  the  furface  of  fnow  which  has  been  bng  fio- 
zen,  bears  any  marks  of  a  flow  procefs  of  this  kind.  Fronn  a 
Iiill,  a  little  way  to  the  N.E.  of  tlic  town,  and  which  was  to 
windward  during  the  froft,  there  were  gathered  two  portions  of 
fnow,  the  one  from  the  furface,  and  the  other  feven  inches 
below  it.   The  water  produced  from  the  two  kinds  is  prderved 
In  very  clean  phials,  in  order  to  be  compared  togettier  by  ibme 
chemical  trials,  which,  perhaps,  may  throw  fbme  light  upon 
the  whole  of  thl^  m  .tLL.. 

At  prefent  I  fliali  conclude  this  letter,  perhaps  already  much 
too  long,  with  jufl  mentioning  one  other  facl  which  was  new 
to  me ;  namely,  the  power  of  ardent  ipirits  of  diflblvingihow, 
.  and  confequently  of  producing  with  it  a  freezing  mixture. 
The  alcohol  and  fnow  fepanitely  were  at  eight  degrees  below  the 
{vtL/Aiig  ])uiut,  and  when  mixed  fuddcnly  and  intimately,  the 
temperature  became  in  the  fpace  of  twenty  fcconds  28°  below 
o.  This  is  a  cold  only  12''  ihort  of  that  which  FAHHsnreit 
pxH  produced  by  ufmg  fpirit  of  nitre  for  tlie  experiment ;  and 
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it  k  not  improbable,  bad  the  prefent  experiment  b^en  tried 
with  more  precaution  and  addrefs,  tbat  the  refult  would  have 
been  ftill  more  remarkable.  There  was  employed  only  about  a 
pint  of  alcohol,  but  the  proportion  of  fnow  was  not  then 

attended  to,  and  tlic  iIkiw  coming  fooii  iilCcrwuidi  prevcatcd. 
^■  repetition  of  the  experiment. 


r  O   S  T  S  C  R  I  P  T. 


F  beg  leave  to  add,  that  the  water  mentioned  as  produced- 
from  the  fuperfioal  ihow  has  been  examined  by  ieveral  chy* 
mical  trials^  with  a  view  of  difoovering  if  it  differed  in  any 
xtfycffi  from  the  water' obtained  from  fnow  gathered  at 

confidcrable    depths,    and    nvar    the    ground.       Had  the 
atmofphere,  when  the  thermometers  pointed  fo  low,  been 
diJ^led  to  fumiih  any  faiiiie  principle,  the  iinlon  of  luch  an- 
ingredient  witli  the  fnow  would  have  tended  to  produce  an- 
excefs  of  cold  at  the  furfooe,  iimilar  to  - what  was  then  ob- 
ierved*  Or  if  the  fxiow  at  theie  low  temperatures  had  acquired  -' 
any  remarkable  power  of  dephlogiflicating  the  air  in  .  contain 
with  it,  a  cooling  procefs  at  and  near  the  confines  of  the  fnow 
and  air  might  thereby  have  been  maintahicd.    hi  either  of 
thefe  cafes,  fome  very  fenfible  indications  of  a  faline  or  of  a , 
phlogiftic  principle  might  be  expeded  on  the  water  given  by 
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fhovr  collided  ixom  the  f^face.  But  ia  oppofition  to  botb 
:theie  views  .it  ^remains  now  to  be  mentioaed,  that  nothing  of 
»thi8  kind  did  appear  in  the  courie  of  the  experiments,  whicb 

iindeed  were  contrived  chiefly  to  dete£t  fuch  circumftances.  * 

If  therefore  the  arguments  produced  in  both  p^ers  upon 
•this  fubje^  will  not  allow  us  to  account  for  fb  remarkable  i 
-cooling  procefs  bj  an  evaporation  at  the  fur&ce  of  the  fhow, 
it  would  appear,  that  there'  remains  ftill  ibmediing  unknown 
with  refpe£b  to  the  caufe.  A  proper  inveftigation  of  this  nnt- 
ter,  ill  climates  favourable  to  fuch  experiments,  may  poffibly 
:unfold  feme  fartlier  .properties  of  h&at  ,with  which  at  prefeat 
mc       be  wholly  unacquainted. 
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XXVn;  A  general'Tbmy  fir  the  Menfuraflm  of  the  Angle  fuh^- 

tended  by  Two  Objedls^  of  'UjUJ:  Onc  is  obferued  by  Rays  after 
Two  KefieEtions  from  plane  Surfaces,  and  the  other  by  Rays^ 
cofiiing  direSily  to  the  Sfe&atorU  Eje*    By  George  Atwood;« 
M..A.F.R.JS.. 


Read  June  21^  1781*. 


r~|nH£  a&ual  determination  of  an  angle  implies  two  obibr^- 
Xj  vations,  one  taken  at  each  extremity  of  the  arc  by*- 
which  that  angb  Is  meafured^  When  fixed  aftrooomical  qua-- 
dtaats  or  other  fe£h>rs^are  ufed  for  the  praftical  elHination  of . 
angles,  one  of  thcfe  obfervations  is  prcvioufiy  made  by  dircd-  • 
ing  the  axis  of  the  telefcope  or  line  ot'  collimatioa  to  fomc  fixed  * 
point  in  the  heavens,  the  index  being  then  coincident  with  the* 
initial  point  on  the  arc  of  the  {e£tor :  after  this  adjuihnent  : 
one  obfer^adon  oidy  jsniecefiBi^.  to  .  afcertain  .  the  angular  r 

dUlance.* 


39^  atwoob's  Tbeojy  for  the  Menfuratm 

dtdance  between  that  polat  and  any  other  celeilial  objed  in  dw 

•  plane  of  the  fe£tor.  This  method,  however,  is  evidently 
imprafticable,  ut^lcfs  the  inftrument  can  be  fteadily  fixed;  for 
which  reafon  afb  ononucai  quadrants  become  ufeiets  at  ka ;  and 
from  the  difficulties  which  attend  placing  them  in  their  dUe  por- 
tion and  adjudment  on  firm  ground^  they  are  almoft  whoU/ 
confined  to  regular  obfervatories.  ,  • 

M;.  HADLEY*,  by  an  ingenious  application  of  optiwal  prin- 
ciples, contrived  to  bring  both  extremities  of  tlie  arc  ineafurd 
into  the  ^held  of  the  fpe£tators's  view  at  the  lame  time ;  br 
which  improvement,  angles  are  taken  at  Tea,  as  well  as  on  land 
with  an  tmfixed  inftrument,  to  a  degree  of  accuracy  fufficient 
for  nautical  and  other  purpofes,  when  the  utmoft  exadnefs  is 

not  required. 

Mr.  hadley's  invention  Is  a  particular  cafe  of  a  very 
cxtenfive  theory,  as  yet  but  little  attended  to.  According  to 
his  method,  which  is  well  known,  the  two  refledbiog  fui^Kcs 
ufed  in  the  obiervatton  are  perpendicular  to  the  plane  of  ox>- 
tlon;  the  dire£Vion  of  the  telefcope,  and  of  the  rays  pafiing 
between  the  reileetoro  being  parallel  to  that  plane;  whereas  the 
inclination  of  the  telefcope,  and  of  the  intermediate  rays,  as 
well  as  of  the  refledors  themfelves  to  the  plane  of  motion, 
admits  of  unlimited  variety,  A  general  theory  to  detennbe 
the  angle  obferved  by  two  reflexions  from  the  data  oo  which 
its  magnitude  depends,  without  limitation  or  reftri^on,  feems 
applicable  to  feveral  ufeful  purpolcs  in  pra£^ical  afh-o  no  my.  Hav- 
ing never  feenany  geometrical  conftrudion  or  analyhs  of  this 
curious  problem,  I  was  induced  to  beflow  ibme  Goofideratiaa 

*  Fhii.  Tranf.      420.    See  alfo  %  trad,  iatitiiled,  TU  Tlwoiyof  BAOtir'i 
^luiirant,  by  the  rc?.  w.  cvolam, 
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the  j^k Jubiinded  6y  Two  O^s^  jkc.  597 
«m  the  fubjedl,  and  (hall  be  happy  if  the  lefok  of  my  in- 

<juiries  appears  to  merit  the  attention  of  the  Royal  Society. 

Art.  I.  The  manner  of  taking  an  obfervation  by  two  re- 
£ie^ioo$  uncontined.  to  any  particular  cafe  may  be  dcfcrib^ 
tbus.  ^  Lfit  C,  B  (fig.  I.)  reprefbnt  two  plane refleding  furfacea, 
inclined  to  a  plane  OPA  at  any  given  angle.  Through  any 
point  of  the  refle^ling  flirftice'  C  draw  t  line  perpendicular  to 
the  plane  C)I\\,  ajid  with  the  point  where  the  liiie  meets  the 
plane  as  a  centre  (which  muft  here  be  reprefented  by  C)  and 
any  diflancc  CP,  defcribe  a  circle  OPA.  The  refle^ng  plane  B 
always  continuing  fixed,  let  the  refie^jr.  C  he  moveable  along 
with  the  radius  CP  as  it  revolves  in  the  plane  OPA  round  the 
^centre  C :  the  angular  motion  of  the  fpeculum  C,  referred 
to  the  circumference  OPA,  will  he  mtafuicd  by  the  arc  which 
the  radius  CP  defcrihes,  the  inclination  of  the  plane  C  to  the 
plane  of  motion  OPA  being  always  the  iame,  andeq^alto  thai 
of  the  fixed  ipeculum  B. .  i 

^2.  The  two  plane  reflectors,  B  and  being  equally  in^ 
dined  to  the  plane  OPA,  It  follows,  that  during  the  motion  of 
C  there  muft  be  fome  point  O  in  the  circumference  OAP,  at 
which  when  CP  arrives,  the  reflector  C  will  be  paraiid  to  the 
fixed  refledor  B.  -  • 

3.  When  the  moveable  radius  which  carries  rofind  the  plane 
C  is  at  any  other  pofitbn  CP,  let  a  ray  flowing  from  a  diibnt 
object  T  impinge  on  the  fpeculum  C ;  let  it  be  refle£^ed  from 
thence  in  the  direction  CB,  and  being  again  rcfle<5led  at  B  in  the 
dircdion  BG,  let  it  be  obferved  by  a  fpedator's  eye  at  G ;  the 
image  of  T  wUl  appear  ibmewhere  in  the  line  GB3 ;  fuppoie 
that  a  ray  flows  from  a  diflant  objeCt  S  fituated  in  the  line  GB, 
produced,  and  that  this  ray  S6  comes  diredly  to  the  fpedator's 
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eye  at  G  :  the  object:  S  Iccn  bv  direcl  rays,  and  the  image  ef 
the  point  T  feen  by  rays  attcr  two  reflexions,  will  appear  to 
coincide  in  the  line  GBS.  This  is  an  obfervadon  by  two 
iefle£don$,  from  which;  together  with  fuch  data  as  limit  the 
problem,  the  true  aifgle  fubtended  by  the  objef^s  T  and  S  is  to 
be  inferred. 

4.  The  data  which  limit  this  problem,  being  neceffary  for 
the  determination  of  the  angle  fubtended  by  T  and  S  are  m 
number  four,  which  are  next  to  be  confidered.  ifl.  One  of  tbefe 
data  id  the  arc  PO,  being  die  angular  diftance  of  the  moveable 
tttditts  CP,  meafoted  on  the  circumference  of  the  circle  OPA, 
from  that  pofition  CO,  at  which  the  two  refledors  are  parallel; 
the  iltuatioa  of  this  arc  OP  in  refpeft  of  the  point  O  being 
fuppofed  known,  that  is,  it  being  known  on  which  fide  of  that 
point,  OP  is  fituated  in  refpeft  of  the  ray  BG.  2dly,  The  com- 
mon inclination  of  the  reflefking planes  B  and  Cto  the  ^iieof 
motion  is  another  of  thefe  data.  The  third  and  fourth  of 
the  conditions  muft  be  nicntioncd  rather  more  particularly. 
The  ray  BG  is  always  underftood  to  be  given  m  polition  in 
refpea  of  the  plane  of  motion  OPA  (confidered  as  immoveable) 
being  either  coincident  with  the  line  of  collimation  of  a  tde> 
fcope,  or  direfted  by  fights  ib  as  to  be  invariably  fixed :  the  fpe- 
CUlum  B  alfe  bttng  unmoved,  the  line  or  ray  BC  will  never 
change  its  pofition,  from  the  known  principles  of  reflexion. 
The  angle  CBG,  therefore,  and  the  half  of  that  an^ 
being  the  angle  of  Incidence  at  which  CB  impinges  on 
will  be  always  of  the  fame  m^itude ;  whereas  the  half  of 
the  angle  BCT,  or  the  angle  of  Incidence  on  the  movcaMc 
fpetulum  C,  i»  conttnually  changing,  while  C  is  cirried 
wmnd  in  the  plane  of  motion:  this  conftant  angle  of  in- 
cidence or  reflcaion  at  the  fixed  fpeculum  B  wiii  be 
another  of  the  data  neceffary  ta  determine  the  problem. 
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of  the  Angle  fuhteniei  ky  Two  O^e^s,  Scz. 
The  rajrs  GB»  £C,  and  the  fpeculum  B,  being  fixed  in  refpe<£fc 
of  €tch  other,  ;uid  of  the  plane  CAP,  tbe  plane  CBG  will 
My  be  given  in  pofition ;  that  is,  its  inclination  to  the  plane  of 

motion,  or  to  any  other  fixed  plane,  wHl  conftantly  be  the 
fame  whereas  the  inclination  of  the  plane  BCT  to  the  plane 
of  motion,  or  other  hxed  plane,  will  be  continually  changing 
while  the  rcfledtor  C  revolves  with  the  radius  CP.  The  pofitkm ' 
of  die  plane  GBC  conftitutes  the  fourth  and  laft  of  the  dsta* 
and  it  will  be  immaterial  to  what  fixed  plane  it  b  referred.  In 
the  enfuing  folution  the  ikuation  of  this  plane  will  be  defined 
by  its  inclination  to  tlie  fixed  fecondary  of  the  plane  of  motion 
which  paGes  through  the  point  O. 

.  5*  The  enumeratioa  of  thelis  data  leads  to  the  conihuc- 
taoQ  of  the  pfoblen^  a  few  oUervatbns  bet^  pmriovifl/ 
inierted  to  prevent  repetitions  and  unneoeflary  references. 

T'lic  objc£ls  oUlcrvcd  arc  uuderflood  to  be  lucid  or  lUumiaed 
points,  and  fo  diftant,  that  the  rays  which  fiow  from  cither  of 
them  may  be  edeemed  parallel  without  error  as  far  r^ardfi 
dnie  obfeivations :  fuch  objefts  aie  tbe  fixed  Ibts*  any  given 
pomts  an  the  diiks  of  the  fim  or  planetss^  &c»  fldlj.  As  in  inea* 
furing  the  angular  pofitions  of  obje^b  which  lie  in  the  (iusie 
plane,  thefc  obje^ls  are  referred  to  tlic  circumference  of  a  circle, 
the  centre  of  which  is  coincident  with  the  fpe£lator*8  e>'e ;  ib 
in  eftimatiDg  the  pofitions  of  obje£ts  whkh  lie  in  difiefent  planes^ 
and  of  the  Inclinatbns  of  thefe  planes  to  each  otheav  the  ob* 
jeds,  4(c.  are  referred  Co  the  drcunslereiice  of  a  iphere^  of 
which  the  centre  coincides  with  the  centre  of  the  fpe6^ator*t 
view:  applying  this  to  the  pre(ent  cafe,  fmCe  the  hues 
CT,  CB,  SG  (fig.  I.)  are  fituatedin  different  planes";  in  order 
to  efliaiate  th^r  pofitions,  any  point  may  be  afl'umed  as 
the  centre  of  a  iphere,  and  thfo«tgh  that  point  lines  are  to  be 
drawn  parallel  to  the  given  lines  €T,  <iBy  SG,  the  points  in 
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which  the  lines  interiefl  the  fphcres  (tirface  will  give  their  le- 
lattve  lituations  ■  by  the  rulei  of  trigonomety.  3dly,  Theic 
will  be  no  neceffity  to  reprefent  the' reflc£iing  planes  in  the 

general  conftruclloii,  11  nee  the  pofitions  of  the  perpendiculari 
to  the  planes  wiil  give  the  htuations  of  the  planes  themfeives. 

6.  To  determine  by  conftniftion  the  angle  fubtended  by  the 
objects  T*       from  the  data  which  have  been  defcribed,  let 
APOCXJj^fig.  2.)  repre{ent  a  great  circle  of  the  fphere  to  the 
furface  of  which  the  obje^^s  obferved,  and  the  pofitions  of  the 
incident  and  rcflet£led  rays,  &:c.  are  referred  ;  C  being  the  cen- 
ter, CK  the  axis,  and  K  the  pole  of  this  great  circle ;  through 
K  draw  any  fecondary  KO,  and  from  the  pole  atthedt/laoGe 
of  the  arc  KF,  » the  meafure  of  the  given  inclination  of  the  tt* 
fie^ing  planes  to  the  plane  of  motion,  defcribe  a  ptiraUel  or  leifer 
circleFIM:  with  the  poleF,  and  at  a  diftaiicc  cqiuil  to  a  quadrnnr, 
defcribe  an  arc  of  a  great  circle  interfe^fling  the  fecondary  KO 
produced  in  the  point  X,  and  in  this  arc  from  X  take  XY  =thc 
meafure  of  the  given  Inclination  of  the  fixed  plane  of  reflc^ioo  at 
the  fpecukmB to theiecondary  which pafles through  the  pointO; 
ahd  draw  the  quadrant  YF,  which  produce  in  the  direaionYF: 
from  F  on  either  fide  of  F  fet  off  FD  equal  to  the  meafure  of  the 
given  conftant  angle  of  incidence  at  the  fpeculum  B,  and  make 
FB  (taken  on  that  fide  of  F  which  is  oppofite  to  D)  tqual  toFD; 
Draw  the  radius  CO  :  from  O  fet  off  an  arc  OP  in  the  ciicum- 
ierence  OPA  equal  to  the  meafure  of  the  angular  diftance  de- 
fcribed  by  the  moveable  radius  CP  from  that  pofition  at  which 
the  refledors  are  parallel ;  obferving  that  the  arc  OP  be  on  that 
fide  of  the  pointO  which  *correfponds  with  the  conditions  of  the 
problem  (art.  4.):  through  P  defcribe  the  iecondaxy  KP  inter- 
fering theparallel  FIM  in  the  point  i :  through  B  and  I  defcribe 

•  It  it  fiippoM  to  be  known,  whether  CP  beginning  its  motion  from  the  poE- 
tioA  CO  approflchet  tovaudi  the  Tifiul  wf  BG  or  lecedes  fiooi  it. 
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of  the  Angle  JuUended  by  Twtt  Olje^s,  &c/         4c  r 

the  arc  of  a  great  circle  BIM^  aod  mki^s^  £r  equal  to  IP: 
through  D  and  E  draw  the  arc  of;  a  greatcirclc  DE  :  theafQi 
D£  will  be.  the  meafuFe  of  the.trpe  aoglci  fubt^oiM.by  the. 
ebjeds  obierved,  according  to  the.d0ta  of  the  probleoi.    -  : 

Previous  to  the  dembndration  of  thi^  conftru^tibn,  the  appli-*' 
cation  ot  it  to  the  method  of  obftrvjitioii  by  two  reflections' 
ihould  bedefcribed.  Join  CP,  CI,  and  CF.  To  the  extremity  C 
of  the  radius  CP  let  n  fjlar.c  fpecuium  be  affixed^  CI  being 
always  perpendicular  to  this  plane  :  as  PC  revolves  in  the  planed 
of  motioD,  the  perp^dicular  CI.  wHl  .defcrihe  the  parallel  or- 
lefler  circle  FiM,  and  whea  CP^coiiKides  with  CO,  CI  will, 
coincide  with  CP.  Through  6*  draw  .BR  parallel  to  CF,  and 
let  a  plane  fpeculum  be  fixed  at.  B  perpendicular  to  BR ;  CFi 
and  BR' being  pi^rallel  when  the  perpendicular  CI  coincides 
with  CF,  the  n  Hcdoi  :?  at  C  -and  B  will  then  be  paraUeL 

Join  CD,  and  pri)duce  it  to  a  very  diftant  point  S,.  and- 
through  B  draw  GBS  parallel  to  CDS  V  the  refledors  C  and  R 
being  parallel,  and  their  perpteidicular »  coinfidigtg  wil^..CF  at^d 
BR,  let  a  rajr  SC  unp»nge.on  the  rtfkitor  C : .  jb^^ib  JC  is  &e 
perpendicular  to  the  fpeculuijc^  CaOldthe  are  Dl^s^PB  by'coh- 
ftruclion,  thcfe  ares  being  in  the  plane  of  the  fame  great  circle 
DBQ^,  it  follows,  that  the  ray  SC  will  be  refledcd  from  C  in 
the  dircif^ion  CB,  iinpmging  on  the  fpeculum  B  at  the  angle  of 
incidence  CBR ;  and  fince  DC  and  BG  are  paiiaUel  by.con- 
ftrudlion,  and  the  parallel  lin«5  FC  .BR  fall  onr  lhfem,  the 
angles  RBG^  FCD,  wUl  be.  eq^^l^  9nd  FC&pr  ^BSi=RBQ* 
CB  therefore  being  the  ray  incident  on  the  fpecQlmn  B  wiU  bci 
reflected  in  the  dire£Uon  BG  parallel  to  SC ;  and  'a  ray  SGkom- 
ing  directly  from  S  will  be  feen  coincident  with  the  refle<^ed 
ray  BG.  Here  we  obierve,  that  the  planes  of  refledion  at  C 
and  B,  that  is,  the  .planes  DCB  .au4  QBG  cQiii(;ide,  the  re*^ 
flei^rs  being  paialleL 

Let 
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Lec  the  »dttts  CP  taidirtikm.  thepoficim  CO,  earywgwtii 
St  the  fptfollvm  C  and  ks  perpendiealar  CI:  then,  £1  bdng 

equal  td  IB  by  conftruftion,  a  ray  impinging  on  C  in  the  di- 
rection TEC  will  be  rcfledted  in  the  piaiie  ECB,  and  becaufc 
EC1  =  1CB,  the  rcfleded  ray  will  coincide  with  the  line  CB, 
and  after  refiedion  at  B  will  *  proceed  in  the  4ire£Uon  BG, 
being  coincident  with  the  ray  SO  which  comes  dite6tiy  fromS.* 
When  the  perpendicttkr  CI  leaves  CF,  the  plane  of  rdBz&m 
ICB  becomes  i inclined  to  the  plane  of  reflection  DCBG  with 
which  it  before  coincided ;  but  the  pofition  of  the  rays  CB, 
£G,  and  of  the  perpendicular  BR,  remains  unaltered ;  for 
Which  reafoli  die  plane  GBCFD  correfponds  to  the  filed  fiaae 
tif  tefledaoti  deferibed  aifiong  Che  condicaonA  (ait.  ^  When 
CI  was  4ibinddent  with  CP,  tlie  radiuB  CP  was-flomodent  with 
CO,  O  bciijg  the  initial  point  of  the  arc  OP,  dcfcnbcd  by  tlie 
radius  CP,  denoting  that  when  CP  coincides  with  O,  the  re- 
fledors  being  then  parallel,  the  inclination  of  ihe  ray  SC  eb- 
&rved  after  two  fe^e^ns,  and  SO  obii»ved  iggr  dired  nft 
patdlel  to  SCt  is  nothing :  the  great  circle  KO»  tfaeKfim, 
whkh  pailes through  O  and  F9  wHl  he  tfie^xed  of  prim^wiio 
coadary  to  which  the  inclination  of  tlie  hxcd  plane  of  reflec- 
tion at  the  fpeculum  B  is  referred. 

The  deBU>n(h:ation  of  the  conftrudion  will  oqh^  of  tivo 
parts.  It  mtift  be  firft  ^h^wn^  diat  the  ^otodkions  or dabiotf 
die  pf«)bleln  -are  bblerved  k  the  conihni^on.  idly,  Thst  thd 
nfl|riiifade  of  the  arc  ED^  which  mcafures  the  angle  fobtcnded 
by  the  obferved  ol)je£ts  is  limited  or  determined  by  them. 

Suppofmg  the  angle  TCS  to  be  of  any  unknown  quannty, 
it  has  appeared,  that  according  to  tb6  0onftnl6tk>n«  the  rttys 
whkKooBielfomT^  and  iue  feen  after  two  reiedbns  at  C  and 
B|  will  be  ebfeifved  ^  ieencsde  witk  tite  Mys  wlikii  cone 

*  Supra. 
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directly  from  S.  That  the  conditions  of  the  problem  a^e  ful- 
filled in  the  conftru6lion  is  demoiiftrated  thus  : 

J  ft.  The  lachaation  of  the  refledors  B  and  C  to  the  plane  of 
motion  conftruc^ed  of  the  naagnitude  which  iso^eaCured  bjr 
the  arc  KF.  KC  is  perpendicular  to  the  plane  of;  motion*  CF 
is  perpendicular  to  the  refledor  C,  and  the  inclination  o(  thde 
two  lines  CK,  CF,  is  mealured  by  the  arc  KF ;  but  the  incU- 
nation  of  any  two  planes  is  the  fame  as  the  inclination  of 
two  lines  which  are  perpendicular  to  them;  the  iociination 
tbcfefiune  of  the  rcfledhur  C  to  the  plane  of  motion  is  meafureil 
by  the  arc  KF,  and  the  ipeculuui  B  is  ecpially  inclined  to  the 
plane  of  motion  with  C  by  the  conftnxfkion,  the  perpendiculars 
CF  and  CI  being  parallel  when  botii  arc  iituatcd  iu  the  plane  of 
the  fame  great  circle  DBQ. 

zdlfy  KO  being  the  lecondary  to  which  the  pofitlon  of  the 
fixed  plane  of  lefle^tioo  DFB  at  the  fpepiium  ^  was  referred, 
that  given  inclioatioQ  wiU  he  equ4  to  the  angle  OFB^  which 
is  meafored  by  the  arc  XY  acc^dipg  to  the  conftni^ltQn,  FIT 
being  a  quadrant. 

jdiy.  Moreover,  FD  =  FB,  was  conftru£ted  equal  to  the  con- 
fiant  angle  of  incidence  at  the  fixed  fpeculum ;  CBR  is  the 
of  inddenc&at  the  £»ed  fp^plmp  B>  audit  i»  pt^wi  to  the 
«ngleBCF,hecaiid!bC3^.and  BUjirep^ii^el  by  cao(lra^ipnf  apji 
CB  falls  on  them ;  FB,  or  its  equal  FD  therefore  is  truly  con- 
fir  uded  the  iTicarurc  of  the  giv.w  ConAant  M\gh  of  incidence  ^t 
the  fixed  fpeculum  B. 

4thly,  Becaufe  it  has  been  fhewn  that  CO  1$  the  pofition  of 
sadtii8CP»  when  the  fefle£^  ace  paiaUeJ^  th«  aicOP  » 
nghtly  conftruAed  the  mg»6if»i9f  the  a«igu)9ft  f^^^  ^  ^ 
radius  CP  from  that  pofitwn. 

It  remains  only  to  demonftrate  that  thefc  four  given  tjuanti- 
tiesit  KF,  OP,  XY,  and        \mt  the  magnitude  of  the  arc 
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ED :  through  I  and  F  draw  tlie  arc  IF :  then  the  given  arc 
KF  or  KI*  and  the  angle  IKF,  meafur<id  by  the  given  arc  PO, 
define  the  triangle  ]KF,  and  in  it»  therei^re*  tiie  fide  IF  and 
^nd  the  ^ngl'e  IFK  are  HeteHilined.    If  frdmlFK,  the  given 
nnglc  DFK, '  meaiurcd  by  the  arc  XV,  be  fubtracted,  the  rc- 
miainder  IFD,  and  IFB  its  fupplement  to  i8o  will  be  defined: 
the  given  arc  FB,  with  the  angle  IFii  and  the  arc  IF,  deter- 
^fhihe  the-atiglie  IBF,  and  the  arc  IB,  or  its  double  B£ :  and  the 
^gt^en  ard'  BD,'  the  afro  B£,  with  the  contained  angle  DB£  before 
%etcrmthed,'defirte'  the  atr  ED,  which  h  therefore  the  true  mea- 
^fifre  of  the  angle  fubtt  nded  by  the  objeds  oblerved  under  the 
conditions -fulfilled  in  the  conftrudion. 

ij^ijg  Computa<ion-6f  the  obferyed  angle  DCE  being  foe 
the  prefent  omitted^  fome  confequeoces  which  follow  from  the 
conftrudibtt  ioiay  be  inftfrted  in  this  place*  being  either  corol- 
♦Ikt4e6,  of^ilch  truths  as  adfeit  of^eafy  geometrical  dedudbn 
'from  the  general  propoiition.    The  line  DC  will  always  be  the 
poiition  of  the  vifual  ray  or  line  of  coIHmation  ot"  the  teleicopc 
ufed  in  the  obfervation,  and  the  inclination  of  it  to  the  plane 
'of  motion  wilf  be  theafured  by  the'  con^Iementof  •  the  arc  DK 
to  a  quadrant'/-' The.  line- BC  will  be  tHe  poiition  of 'the  ny 
'  Vhich  pafles  between  the  refle€tor8  B  and  C,  and  the  incliaa- 
tron  of  it  to  the  plane  of  motion  will  be  mealured  by  the  a>m- 
jJlement  of  -  the  arc  BK  to  a  quadrant.    Thefe  arcs  are  left  out 
^df  the  figare*  that  the  more  Hiaterial  parts  of  tfape  conftrudioa 
might  not  be  oonfufed  by  them. 

"    8.  Every  thing  e!fe  remain ttig,  let'the  paradlel  FIM  (Bg.  3.) 

be  projected  on  the  plane  of  motion  QOP.  Through  the 
points  F  and  1  draw  the  arc  of  a  great  circle  NIFR.  The  ob- 
ferved*  objeds  T  and  S,  or,  which  Jis  the  fame  thing,  thepoint; 
of  ititerfedioii  at  the  fphere's  furface  E  and  D  will  be  st  o^ual 
"  '^'ConifMrelig. 

peipen- 
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perpendicular  diftances  from  this  arc,  which  may  be  demon- 
fbated  thus.  Through  the  points  E,  D,  and  B,  draw  the 
ms  EN,  DL,  and  BR,  perpendicular  to  NIFR :  then  the  trl* 
angles  DFL,  FBR,  being  equals  DL  will  be  equal  to  BR  i 
fnoreover»  the  triangles £NI,  IR6,  being  equal,  the  arcs  £N» 
RB,  will  be  equal :  from  whence  it  follows,  that  EN  =  DL,  or 
the  perpendicular  diftauces  of  the  points  E  and  D  from  the  arc 
of  a  great  circle  which  pafles  through  the  points  I  and  F,  are 
equal.  It  appears  alio,  from  the  fame  oonftrudion^  that^the 
arc  NL»,  intercepted  between  the  two  perpendiculars  BN^  DL^ 
is  equal  to  twice  IF :  for  becaufe  the  triangles  EIN,  RIB,  are 
equal,  as  are  the  triangles  DLF,  RFB,  it  follows,  that  NT  is 
equal  to  IR,  and  LF  to  FR,  wherefore  aiR=:NR,  and  2RF 
=  LR  :  whence,  by  fuhtrafting  equals  from  equals,  2RI  —  2RF 
sNR— LrRi  oralFsNL,  which  was  the' equality  to  be  de^ 
mooitmted. 

9.  From  this  laft  conftruflion  and  demonO^ration  the  follow- 
ing propfrtion  is  inferred.  As  radius  :  cofme  of  DL  or  EN, 
fo  is  the  fine  of  IF  to  the  fine  of  half  the  arc  ED,  or  of  half  the 
obicrved  angle :  for  if  the  arcs  N£»  LD  (fig,  3.},  be  continued 
until  they  meet  In  the  pole  H,  the  arcsNH*  LH,  will  be  qua- 
drants, and  the  triangle  EHD  ifbfceles,  which,  from  a  property  of 
fpherics  too  obvious  to  need  demouUiatlng,  gives  this  propor- 
tion :  as  the  chord  of  NL  to  the  chord  of  ED,  fo  is  radius 
to  the  line  of  DH,  or  cofine  of  DL ;  but  the  chord  of  NL  is 
equal  to  the  chord  of  2IF  from  art.  8.  We  have,  thereibre* 
as  radius  :  cofine  DL»  (b  is  the  chord  of  2FI  to  the  chord  of 
ED,  or,  which  is  the  fame  proportion,  as  radius  :  cofine  DL^ 
{b  is  the  fine  of  IF  to  the  fine  of  half  ED. 

10.  From  the  kft  article  it  appears,  that  the  fine  of  half 
die  angle  between  the  obferved  objeds,  or  the  fine  of  half  £D, 

Vol,  LXXI.  H  h  h  « 


4od         Mr.  AT  wood's  theory  jar  the  Menfuratlon 

is  proportional  to  the  fine  of  FI  and  the  cofine  of  DL  joiatlys 
confequently  the  fine  of  FI  being  the  fame,  fin.  i  £D  tspropw 
tional  to  the  coiine  of  DL ;  this  will  lead  to  the  leaibn  why  ia 

enumerating  (art.  4.)  the  ♦conditions  which  limit  the  magnitude 
of  theobfervcj  ai  cED,the  pofition  of  the  fecondaryKP,  in  refpecl 
of  the  point  of  interlediou  Q^and  of  the  fixed  iecondary  KO, 
was  annexed :  for  it  will  appear,  that  every  thing  elfc  being  tht 
fame*  the  magnitude  of  the  arc  £D  will  depend  on  the  pofidon 
of  the  fecondaiy  KP,  whether  k  be  on  one  fide  of  the  fixed  ie- 
condary KO,  or  on  the  other,  the  angles  PKO,^KO,  being  equal. 
Haviiij^  fct  off  0^  =  0P  draw  the  fecondary  K>>  interfetfling 
the  parallel  FIMU  in  the  point  U ;  and  through  B  and  U  draw 
the  arc  of  a  great  drcle  BUW ;  take  U W  =  BU ;  and  through 
D  and  W  draw  the  arc  of  a  great  circle  DW :  then  by  the 
conilra£iion  and  demonftration  in  art.  6.  the  angle  fubtended 
hy  theobfervcd  objeds  will  be  meafured  by  tlic  arc  DW,  and  it 
will  be  edfy  to  (hew,  that  DW  is  not  equal  to  DE,  except  in 
two  extreme  cafes ;  that  is,  when  the  fixed  plane  of  rcfledioa 
DFB  is  either  coincident  with  the  primitive  iecondaiy  ILO  or 
perpendicular  to  it.   Through  the  points  F  and  U  draw  the 
arc  of  a  great  circle  VFU,  and  from  D  draw  the  arc  DV 
perpendicuiai  to  YFU  :   fince  +  the   Imcs  of  half  the  arcs 
DE,  DW,  are  in  a  proportion  compounded  of  the  proportions 
of  the  line  of  IF  to  the  fine  of  FU,  and  of  the  coiine  of  Dl* 
to  the  cofine  of  DV»  the  fines  of  1F»  FU,  being  equal  by  the 
conibu€tion,  the  fines  of  half  the  arcs  ED,  DWt  will  be  in  the 
fame  proportion  with  the  cdfines  of  DL  and  DV,  which  are 
evidently  unequal ;  confcquently,  the  fines  of  half  the  arcs 
DE,  DW,  and  therefore  the  arcs  themfelves,  muft  be  unequal, 
II,  The  anf^lcs  PK.O,  OK/,  remaining  equal,  when  the 
fixed  plane  of  reflexion  BFD  (fig,  4.)  is  coincident  with  the 
*  Compaie      s.  f  Supra, 
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ftccmcbuy  KO,  or  at  right  anglfcs  to  it,  the  perpendiculars  DL, 
DV,  become  equal  in  both  cnfes,  which  is  obvious  from  the 
equality  of  the  triangles  DVK,  DLF ;  it  follows,  therefore, 
(art,  10.)  that  the  fmcs  ofifFI  and  FU,  aad  the  cofines  of  DL, 
DV,  being  equal,  the  arcsDB,  DW,  will  be  equal  in  theie  .two 
extreme  caies,  but  in  no  other. :  ^ 

Since  the  angle  fubtended  by  the  obfcrved  objeds  (.irt. 
10.)  depends  on! V  on  the  fine  of  IF  and  the  cofme  of  DL,  it 
is  plain,  that  if  the  points  D  andB  be  interchanged,  (fig- 2,3^4.)  • 
the  angle  obferved  williiot:  be  altered,  every  thing  elie  remaining 
the  iam6 ;  faootafeiBetcher  the  line  of  IF,  nor  the  coline  of  Dhp. 
H  kSe&cAhr  this  change.  For  ttiis  reafon  in  any  con{bru6tion  for 
meafuring  angles  by  two  retlccfioiiS,  the  pofition  of  the*  viftial 
ray  may  be  altered  into  that  of  the  ray  BC  pafiing  between  the 
refledors,  which  will  become  in  that  cale  the  fituation  of  the 
vifual  ray,  this  alteration  noways  a£&^g  the  obferved  angles. 

13.  While  the  perpen<£cu]ar  CI  (fig.  t,  and  5.)  (Icfcribes  the 
parallel-FIM,  the  angle  of  Incidence  on  the  moveable  fpeculum 
that  is,  the  angle  ECI  01  ICB,_  meafured  by  the  arc  BI, 
continually  increafes  until  it  arrives  at  a  certain  limit.  This* 
limit  is  determined  by  drawing  through  the  points  B  and  K. 
the  arc  of  a  great  circle  BiikM.  When  the  perpendicular  CI 
arrives  at  M,  .  the  arc  BM  is  the  greateft  {loilible,.  which  will 
therefore  be  the  meagre  of  the  greateft  angle  of  incidence  on; 
the  moveable  fpeculum,  according  to  this  conftrufbion,  the 
radius  CP  having  then  defcribcd  from  O  an  arc  which  is  the 
meafure  of  the  angle  FKM.  Now  it  is  plain,  that  if  the  arc 
MB  ihould  be  greater  than  a  quadrant,  there  can  be  no  vifion 
hy  two  reflexions,  when  the  perpendicular  CI  coincides  with  M 
(fuppofing  the  moveable  fpeculum  to  refled  on  one  fide  only) 
becaufe  the  angles  of  incidence  and  refledion  on  any  fpeculum 
•  The  pofition  of  the  ray  DC  if  the  fame  with  thai  of  the  ray  iiG  parallel  to 
it,  wll•^>nferl«d  to  difiut  ol]jefti* 
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muft  be  Icfs  than  90*.  IF  BM  be  fefs  than  a  quadrant,  an 
obfcrvatmn  by  two  rtfle6tions  may  be  taken  when  the  radius 
CP  is  directed  to  any  point  in  the  circum^rence  of  the  plane  of 
modoD.  When  the  arc  BM  Is  greater  than  a  quadrant,  two 
other  limits  will  be  produced  in  the  ciicumlfeteoce  of  tint  plant 
OCP ;  while  the  radius  CP  is  between  theie  linuts,  bo  obf(sr* 
vatioii  by  two  reflections  can  be  taken :  thefe  limits  are  con- 
ftru^led  thus  (fig.  6.).  BM  being  greater  than  a  qnadrnn  t,  \virli 
the  pole  B-^and  dif^ance  BI  equal  t6  a  qiiadrai  t,  dclcribe  the 
arc  of  a  great  circle  1/  interfedin^  the  parallel  FlM.iatiie 
pouits  I  and  1:  through  I  and  1  drawthe&oondanes  KT*  KZ: 
while  the  radius  CP  is  between  and  Y  no  obferratioii  cm  be 
taken  by  two  reflections.  It  BIE,  B/E,  be  drawn  equal  to  a 
lemi-circle,  and  DE  joined,  then  DE  will  be  the  meafure  of 
the  limiting  angle  which  can  be  obferved  by  this  conftni^on, 
either  on  one  fide  of  KO  or  on  the  other ;  and  becaniei  bj  the 
principles  ot  trigonometiy,  the  arcsBD  and  DE  are 'in  tiicfime 
great  circle,  BDE  being  a  femi-cirde,  weihall  derive  ftom  die 
conilruiftion  this  conclulion  :  the  difference  between  180' and 
double  the  angle  of  incidence  on  the  fixed  fpccnlum,  will  be  a 
limit  whidi  termmates  the  angle  obfemd  fay  two  niedtieiisiii 
^Very  ca(e>  when  the  are  BM.is  greater  than  a  <)uadraat  % 

14.  In  any- given  tyooAplc  formed 'on'  the  pribcipldi  wUrh 
have  been  demonftratcd  (fig.  2.)  for  the  eftimation  of  angles 
by  two  reflexions,  three  of  the  lour  quantities  necefi'ary  to 
.  determine  the  rcluk  muft  conftantly  be  the  fame*  while  tlie 
fourth,  that  is,  the  arc  OP,  varies  with  them^;mtoifeof  -die 
angle  fiiftttftided  by  thd  objefts  obiemd :  the  .diilmat  inagn* 
tudes  of  -  thefe  three  given  quantities  wiH  caufe  a  great  wirtj 
of  properties  in  conftruOions  which  depend  on  tiie  general 

■  •  This  termination  of  the  anj^le  which  can  be  obferved  by  two  refle^lioos  may 
happen  whi'c  the  chiprved  angle  i»  tncrcdfiog  or  dccrcafiog  dunng  tbc  JCToIutioQ 
of  the  index  in  the  plane  of  motioa* 
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.theory.  If  the  angle  DFK  (fig;  a.)»:b»iig  llie  ingUnatioaof 
tke  iiicd  plane  of  refte£liou  to  the*  primilive  fccondary  be: 
3:90%  and  the  axc^.J&F^  or  the  iacltfiitioxi  of  reiled:ors  t;^ 
the  plane  of  motiooi  be>  s  90*"  sUfiti^lhc  ^Qoftruiftion  will  be- 
come that  of  UADLBT*s  inftrunjent  (6g.  7.)^  whatever  betlie 
magtiitude  of  the  arc  DF,  that  is,  of  the  angle  of  incidence  on  the 
fixed  fpecuiumB :  111  this  cafe  the  poiot^F  ajid  O,  and  the  points- 
I  and  P»  coincide.  Here  ff  ori^jQ:  oni^urcs  the  inclination  of 
the  sefleOocs  to  each  other ;  labd  imxA-BV  =:  FD,  and  BI  =:  lEy 
by  conftniQioR,  it  follows,  tbat!l3®3aiP0,  that  is,  the  angle 
iubteudud  by  the  ohfcrvcd  objeds  is  double  to  tlic  aiip.Lj  at 
which  the  rcf^e£tors  are,indhned  to  each  other.  This  is  a  knuu  u; 
ptoperty  cxf  HADLEsVinibumenty  in  which  the  vifual  ray,  and 
the  ray  intecmediatB' between  tke  za&s&on^  are  in  th<  (>lftne  of 
moiian,  whkii  Is  aUaexprefied  ia  the^onftcutton^DC  gnd  BC 
coinciding  with  tHe*  plane  FOC«  <  .r      .  * 

15.  Bifea  KO  iiiF;  then  wiU  KF  =  45''  (fig.  8.).  The- 
viiual  ray  CD  being  couicident  witli>the  plane  ot  luotipn,  letji 
tho 'inclittation  of  the  reflcCtors  to  that  plane  be  equal  t(^t 
45^:  inoiidovdvleitfajeiaiigle^BRiiattrao''';  iaf&ldl  X) Cfwuf]^ 
cidfc'witk'CIt^  andB  withK :  thoT  will  afiord  a  good  eacaBiple.t 
to  the  general  theory. :  •  Let  the  riwKoS'CP  moyc  ^to  any  givew  t 
|xjiitioft,  carr\'ing  with  it  the  -fpcculum  C  ajid  its  perpen- 
dicular Ci  ;  here  the  ^obit'erved  >6l9ed  and  the  p&jnt  B  :ftw: 
always^equl-diftant  ^m.  !;.  and- bccauTe  BI  is  hal£  »:qiiadi»iiti% 
by  tooilni^lion,  itfeDowB^  that  IBrvill  he  of  thi^.6me  mag^ . 
nttuds;^fi^  therefore  tfiH  be  a  <p]aclran't;(andjcdni»qi]ently  £^ 
will  coincide  with  P,  being  ahvays  in  the  plane  of  motion,. 
The  foilowiug  properties;  are  alfo  derived  from  thi.>  conflruction*-/ 
lA,  -The  arc  DE  {ubtended  by  .the  obtcrvcd  obje^^s  Is  equal  to  • 

the  -arc-  dcfcnbcd  i^ji'the  iodtat  orjniwfeabicL  i»diu»^£P  ia>m,  Q^i 

*  Compare  fig*  3« 
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dittering  in  this  from  Mr.  hadley's  conftrndion,  in  which 
the  angle  obfervcd  i$^ual  to  double  theaugie  defcribed  by  the 
iMbveable  radnis  from  the  initial- poin^'^df.  the  arc  O.  .Whiie 
therefore  th^  'itid^aUesi^eintliim  C  is  cat-ried  round  by  the  ra- 
dius CP  in  the  plane  of  motion  according  to^the  new  conftruc* 
rlotijulldcfci  iuLd,  the  image  of  E moves  with  an  angular  velocity 
juft  equal  to  that  of  the  rasdlus,  the  motion  of  the  image  being, 
according  to  Mr.  h  ADLfrv's  invention,  always  greater  than  that 
of  the  radius  in  the  pmportlon  of  2:t<>  i.   2diy,  The  ang^ 
of  incidence  and  >tefle£^n'4Mi'>  both  fnrfaCes  are  conibuitlythe 
lame,  being  equal  to  45^    ^diy,  Br  (art.  13  )  being  ahvays 
Jofs  than  90%  obfcrvatious  by  two  refle(5Hons  may  be  taken  all 
round  the  cirde,  that  is,  angles  of  any  magnitude  may  be 
meafured  by  this  conflnxdtion;  It  will  ztot  be  difficult  ia  piac- 
tice  to  regulate  the  inclinatkm^  of  the  plane  vefledlots  to  the 
plane  of  motion,  with  the  othev  giVen  quaititieato their  true 
mngriituclc.    Let  the  icfle^lors  fi  and  C  be  brought  parallel 
when  the  index  or  radius  CP  is  dire(flcd  to  O,  being  the  initial 
point  of  the  arc  OP  :  in  order  to  examine  whether  the  fiied 
plane  of  refleidbon  BF]>  be  coincident  wkfailhe  paimttiveieaMi- 
.datyKO,  it  is  only  neceflary  toobiervetfae  imgleitibleiMkdby 
ttro  given  objeft»  when  the  index  CP  18  on  .the  different  ^dcs  of 
tlic  initial  point  O  :  if  the  uidex  be  directed  to  unequal  dil^aiices 
trom  that  point  at  the  times  of  obfervation^  a  cotreiiioii  iS  re- 
quired (art,  11. )k    To  examine  whether  the  inclination  of  the 
re9e£h>rs  to  the  plane  of  motion  be  ezaidiy  .45%  let  the  iiriex 
CP  be  cUre^wi  to  iSq"  :  if  the  indinatbn  of  the  reflodors  to 
each  other  be  not  then  =:  90*",  a  corredion  muft  be  applied.  It 
will  be  known  whether  the  inclination  of  the  refledlors  to  each 
mother  be  =90%  by  obferving  the  two  oppoilte  horizons  at  iea^ 
4uid  at  land  by  various  ob^us  methods.  Tbefe  i«am;n|^Hrui< 
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aie^hollyincIepeiidQQtc^  the  tnclination  of  the  telefcope  to  the 
plane  of  motion*,  which  is  regulated  to  its  true  iituation  parallel 
to  the  plane  OP  A,  by  making  the  plane  OPA  fixed  in  regard  to 
diflaat  objed:s,  and  by  obferving  if  the  images  ot  obje(^s  £,  feeh 
after  two  refle£lious  of  the  rays,  defcribe  the  arc  of  a  great  circle 
while.C  Is  carried  round  the  plane  of  .motion*  Any  three  fixed  ob- 
jcdsy  at  afufficient  diftance^  and  (ituated  in  the  fame  plane  with 
the ob(erver*s  eye,  will  be  fufficicnt  for  making  this  adjuftnici.r. 

Fig.  9.  10.  and  11.  reprefent  the  piogrefs  of  the  rays,  aiid 
the  poiition  of  therefle^rs  according  to  this  conftru(£lion.  TC 
is  a  ray  iffuing  from  any  obje^l  T  in  a  dire£lion  parallel  to  the 
plane  of  the  motion,  and  impbging  on  the  ipeculum  which 
is  ijpdined  to  that  plane  ,  at  an  angle  of  45** :  from  hence  it  is 
reflefted  in  the  diredlion  CB  perpendicular  to  the  plane  OCA,, 
and  being  there  refle<5Ved  by  the  fpeculum  B  proceeds  in  the  given . 
or  conHiant  dired:ion  EG  parallel  to  the  plane  of  motion  OPA. 

i6a  There  is  another  conftru<ftion  which  follows  from  the 
general  th^iy,  the  deicription  of  which  ihould  not  > 
omitted.  This  will  require  fome  little  explanation.  As  be- 
fore 12.)  let  OPA  reprefent  the  plane  of  motion,  K  its 
pole,  FIM  a  parallel  or  lefler  circle  proje£led  on  it,  the  diftance 
of  this  parallel, from  the  pole  K  being  meafured  by  the  arc  FK  ; 
let  KQ,  be  the  piimitive  fecondary,  and  BFD  the  fixed  plane  of 
reflexion  on  the  ijpeculum  B  coincident  with  it*  The  other 
parts  of  the  conftni€tion  *  remainmg,  it  has  been  demon  ftrated 
(art.  10  ),  that  the  line  of  half  the  obferved  angle,  that  is, 
the  fine  of  half  ED,  is  proportional  to  the  fine  of  IF,  and 
tlie  cofine  of  DL  jointly.  Every  thing  elfe  being  the  lame, 
it  is  manifeft,  that  the  iine  of  half  £D  will  be  proportional  to 
fhe  (inepf  IF:  as  therefore  the  arc  KF,  that  is,  tlie  inclina- 
tion of  the  reflecting  planes  to  the  plane  of  motion,  is  decreafed, 

*  Compare  fi£.,2.  aad  3.  , 


iii         Mr,  atwood's  T/jeory  for  the  Menfuratlon 
the  angle  meahired  or  arc  ED  will  !)econie  fmaller  at  the  fams 
time,  becaufe  FI  decreafes  with  KF,  the  angle  IKF  remaining.  | 
This  property  feems  applicable  to  good  purpofe  In  mcafuring 
Imall  angles,  not  only  from  the  great  extent  of  fcale,  which 
IS  here  obtained,  but  from  various  advantageous  circumftanccs,  ' 
which  will  appear  in  t]i^  fubfequent  article,  and  from  the  com-  ' 
putations  annexed  in  thofe  which  follow. 

In  this  conftrudion  the  fixed  plane  of  refletflion  is  made 
coincident  with  the  primitive  fecondary  for  various  reafbns: 
there  are  only  two  pofitions  of  that  fixed  plane  which  admit  of 
eafy  and  exa(ft  adjuftments  ;  thefe  are  when  the  fixed  plane  of 
refleiflion  is  either  perpendicular  (art.  ii.)  to  the  primitive  fe- 
condary or  coincident  with  it.  The  latter  pofition  is  preferred 
cxclufivc  of  the  advantages  it  pofleflfcs  in  common  with  the 
other,  becaufe  it  affords  means  for  a  very  precife  adjuftment  of 
the  inclination  of  the  refle£ling  planes  to  the  plane  of  motion, 
that  is,  of  the  arc  KF  ;  for  if  the  primitive  fecondary  OKMD 
(fig.  1 2.)  be  produced,  and  in  it  DG  be  taken  equal  to  four  times 
KF,  it  Is  manifeftjthat  when  the  perpendicular  CI  coincides  with 
M,  or,  which  is  the  fame  thing,  when  the  radius  CP  is  direfted 
to  180",  the  obje£l  E  obferved  by  two  reflections  will  coincide 
with  G,  becaufe  BF^FD  and  BM=:MG  by  conftrudion.  If 
then  two  given  obje£ls  be  obferved  when  the  index  points  to  iSo% 
the  inclination  of  the  plane  refledtors  to  the  plane  of  motion 
will  be  one  fourth  part  of  the  angle  fubtended  by  thcfe  objects. 

Concerning  the  magnitude  of  the  arc  FB,  being  the  meafure  of 
the  angle  of  incidence  on  the  fixed  fpcculum,and  of  KF  =  the  in- 
clination of  the  refle<flors  to  the  plane  of  motion,  it  Will  appear, 
•by  the  computations*,  that  the  fmaller  they  are  both  taken,  every 
thing  elfe  being  the  fame,  the  more  exa(Sl  will  be  the  refult  of 
•the  obfer\'atlon ;  but  both  are  limited  by  circumflances  which 

•  Infra. 
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iliould  next  be  defcribed  5  thc(e  will  be  more  obvious  if  an  otft- 

linc  be  annexed,  rcprcfenting  this  particular  c.iIj  or  tlic  theory 
adapted  to  the  mcniliration  of  Imiill  angles  when  reduced  to 
pra£lice.  OAPC  (fig.  13,)  is  the  plane  of  motion,  C  the 
inoveable  fpeculum  carried  round  in  the  plane  of  motiop  b/ 
the  radius  CP ;  a  ray  coming  from  any  dtftant  obje^  T  im-> 
pinges  on  the  fpeculum  C,  and  being  refiefted  in  the  direftrott 
C{>,  is  there  »igain  refleftcd  in  the  dire(Sl:ion  BG,  pafTlng  along 
the  axis  of  a  telefcope.  A  ray  coming  from  another  dillant 
object  S»  inclined  to  the  ray  TC  at  a  (mall  angle  enters  the  tele- 
fcope parallei  to  the  diredion  of  its  axis,  which  is  coincident  with 
BG,  and  coniequently  the  images  of  the  two  objeds  S  and  T  will 
be  feen  to  ccMncide  in  the  middle  of  the  field  of  the  telefcope, 
the  angle  fubtendcd  by  them  being  BGT,  whicb  muft  be  deter- 
mined by  the  lublequent  computations. 

17.  By  this  figure  (fig.  13.),  without  further  argument,  it 
is  plain,  that  the  magnitude  of  the  refie£ling  fpeculum  C  limits 
the  conftant  angle  of  incidence  on  B;  for  were  that  angles  0,  the 
lines  CB,  BG,  would  coincide,  by  which  means  the  ray  BG 
and  others  adjacent  to  it  uould  be  intercepted  from  enter- 
ing the  telefcope.  The  magnitude  of  the  refle£ting  plane  de- 
pends on  the  quantity  of  light  required ;  if  a  circle  of  about 
I  2  inches  diameter  be  lufllcient,  and  the  perpendicular  diftatico 
of  the  iefle£^ing  planes  be  made  equal  to  five  inches,  the  leaft 
angle  of  incidence,  confiftent  with  thefe  conditions,  will  be 
about  7**.  It  is  liowever  to  be  remembered,  that  the  magnitude 
of  the  rcfledlors  ihould  be  adapted  to  the  aperture  of  the  tek- 
iibope  ufcd  in  the  oblervation.  As  the  area  of  the  fpeculum  in- 
creaieSy  the  light  admitted  into  the  fame  telefcope  dccreaies, 
and  thefe  areas  ihould  be  fb  proportioned  as  to  afford  equal  quan- 
tities of  light,  lb  that  the  objects  feen  by  two  rcfledlions,  and 
by  dLre£t  rays,  may  be  nearly  of  equal  brightiiefs ;  but  for  the 
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fake  of  conftru£ting;  an  example  to  this  theory,  the  magwitude 
o£  the  refle^ing  planes  and  the  ^ngle  of  incidence  on  the  fixed 
Speculum  B  depending  0|i  it  may  be  aiTiuned  of  die  value  men* 
tioned  in  this  article. 

1 8.  Tlic  nugiiitude  of  the  arc  KF,  or  of  the  mclhiation  of 
the  rcfledhig  planes  to  the  plane  of  motion  is  limited  by  the- 
angles  which  the  obferved  obje^s  fubtend  (art.  16.).  Fig.  i2» 
6ecauie,che  greateft  angle  obiervable  will  be  meafured  by  four 
times  the^arc  KF,  it  follows,  that  the  arc  KF  muft  not  bie  kfr 
than  one  fonith  part  of  the  greateft  angle  intendied  to  be  ob- 
ferved by  this  conilruclion  ;  if  the  inclination  denoted  by  the 
arc  KF  be  fixed  at  10',  four  times  that  angle  beti^  40'  will  be 
greater  than  the  apparent  diameters  of  the  fun  ot  any  of  the 
planets, 

19.  It  remains  to  infei^  from  the  preceding  cooftm^tion  (fig. 
2),  the  adual  meafbre  of  the  angle  fubtended  by  the  objects 
•obferved.  This  muft  be  effe£led  by  computation,  which  will 
not  only  ferve  as  an  iUuflratton  of  the  theory,  but  afford  means 
of  eftimating  and  comparing  the-  errors  in  the  angle  deduced, 
oecafioned  by  the  unavoidable  eizors  in  obfervation  aadpta6kical 
oonf^ni^on  ;  an  examination  extremely  uieiVtl  in  aihoDomical 
fubje6fcs :  next  to  removing  errors  entirely  from  obfervatioas, 
which  is  fcarcely  to  be  hoped  for,  the  leffenlng,  circumicribing, 
and  reducing  them  within  known  iimiu  is  an  obje^  of  piixf,- 
^pal  confequence.  * 

The  conftrudion  of  fig.  2.  lemaiiufigt  diroQ|^  the 
points  F  and  I  (%•  1 4*)  draw  the  great  circle  FL  BiieA  Pi  in 
and  through  the  points  K  and  Q^raw  the  arc  KQ^  which 
will  be  perpendicular  to  IF.  To  determine  by  computation  the 
arc  ED  which  meafures  the  angle  fubtended  by  the  obferved 
obje6ls,  three  fpherical  trian^es,  KQF  or  KlFi  IFB,  and 
!>££»  muft  he  folved,  fiir  which  the  data  aic  evidmtly  fuffideat ; 
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•or  the  value  of  ED  mnv  be  obtained  from  the  (blution  of  two 
triangles  KQFaodDFI^  with  the  pro{)ortioa  demonilrated  in 

21.  To  proceed  with  the  computation,  through  D  draw 

arc  DL  pcrpen<licular  to  FI,  and  let  the  fine  of  QK.F::=^, 
being  the  fine  of  half  the  arc  OP,  the  meafure  of  IKF  :  put  the 
fine  of  KF  =  i,  the  fine  of  DF  :=  w,  the  fine  of  DFK  =  ra- 
<lius  =  1.  In  the  right-angled  fpherical  triangle  KQF,  the  pro- 
perties of  fpherics  give  diis  proportion :  as  radius  to  the  fine 
of  KF  fo  is  the  fine  of  QKF  to  fine  of  Q£;  wherefore 
fin.  QF  =  J/;  cof.  QF  =  v/t-'y ;  and  fm.  FI  (FI  being 
double  to  QF)  =  isp  x  i  —i  p"'  Moreover,  becaufe  as  rad. 
to  cof.  QJL  io  is  cof.  QF  to  coi.  KF,  we  have  coL  KQ=: 

;  and  fin.  KQ  =  ^4=4'.  Andfinceasrad.:fin.QFK 

fo  is  fin.  KF  to  fin.  KQ ;  this  proportion  gives  fin.  QFK  s 
;  and  becauie  the  iiue  of  the  angle  LFD  is  the  fine  of 

the  difference  (or  fum)  of  the  angles  QFK,  DFK,  of  which 
the  fines  arcfin.C^PK  ■=  ^^^4^  juft  found,  and  fm.  DFKs:« 
by  the  data,  we  have  from  the  rules  of  trigonometry, 
(in.  •  DFL=  •^^^'^^'^TIEESi, 

and  fince  in  the  right-angled  triangle  LDF,  as  rad. :  fin*  DF fin* 
DFL  :  fin.  DL,  and  by  the  problem  fin*  DFs  m  it  appears,  that 

*  If  the  {Mints  P  and  QJjc  on  different  *  fides  of  the  point  O  as  they  are  repre- 
sented in  the  conftrudtion,  ihe  Uft  term  will  be  affctted  with  the  £ga  —  :  if  P 
and  Q,be  on  the  fane  fide  of  O,  thefign  of  the  laft  term  wil  be  4*  It  mef  be 
here obferved,  concerning  the  geomcirlcal  conf^nitlif -i  (fir.  2.  and  3.)  that  when 
P  and  Q^are  on  diflfcrent  ftck-^  of  O,  the  angle  obfcrved  kD  ai!!  he  grtntcr  than 
when  thofepoiatt  are  on  tkc  laxnc  lide  o^g;hc  initial  paint  ihc  oica  OP,  O/, 
bang  ec^ual. 
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fin.  DL=  >^-^x^^r7?^^W-,v.v 

and  the  fq«are  of  the  cofine  of  DL 

The  line  of  IF  was  (hewn  to  be  zipyt,y/i  ^i^p^^  and  its 
iquare  =  j^s*p*  x  i  ~  :  moreover,  it  was  demonftrated  in 
art.  9.  that  as  lad/  :  col.  DL*  ::  fin.  IK*  :  lin,  iED*  which 
gives,  by  lubftituting  tlie  values  of  col.  DL  and  ImTiF*,  and 
multijplyingthe  col.  D\2  into  liu.  iF%  SnTiED*  = 

and  the  cofinie  of  iED*  = 

»-4»V*x  x-i>»-«H«V+^V'-a^*«V+«V/>*±2M>xv'i-'^x  v^i-/**  ^»-** 

finally  the  coline  of  ED  is  therefore  = 

22.  The  particular  cafes  inferred  from  the  geometrical  cou- 
fhruAion  may  be  compared  with  this  analytical  value  of  the  cofihe 
of  ED,  or  of"  the  angle  fubtended  by  the  obferved  objed>s.  If 
5~  I  aud  «=  !,  by  fubftituting  i  for  /  and  n  in  the  expre/lioa 
juft  found,  we  (hall  have  the  coliiicofED  rr  i  _  8/*+  8/*,  which 
is  the  cofine  of  an  arc  four  times  greater  than  that  of  which  the 
fme = /.  This  anfwcrs  to  thepropectie8.of  radlst's  inftrument, 
in  whichKFor  the  inclination  of  the  refleding  planes  totheplane 
of  motbnis  90%  audits  fine  =1=1:  moreover,  in  hai>ley's 
inftniment,  the  fixed  plane  of  refledion  at  the  unmoved  fpc  cu- 
lum  is  parallel  to  the  plane  of  motion,  and  therefore  perpendi- 
cular to  any  fccqudary  of  that  jplane ;  its  inclination  to  any  fc- 
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condary  therefore  will  be  90",  and  the  iine  of  this  inclinatioa 
=  I  =  jf  by  the  problem.  And  fincep  is  the  fign  of  half  the 
inclination  of  the  reflectors,  the  angle  of  which  the  cofine  is 

I  —  8/>'  +  8/*  will  be  twice  the  inclination  of  the  reflecting  planes, 
whicii  is  a  pinipcrtv  of  hadley's  inllrnment.  In  the  analytical 
\:i\uc  of  the  cofmc  of  ED,  the  laft  term  is  atfectcd  by  two  figns ; 
theie  depend  on  the  portion  of  the  fecondary  KP  and  the  in- 
ter(eftbn  Q  in  refpe^  of  the  point  O.  If  the  fecondary  KP 
or  the  indiex  CP  be  on  the  fame  fide  of  O  with  the  interfeftion 
Q  (fig.  2.),  the  lign  of  the  lafl  term  is  negative:  if  CP  and 
QJbe  on  oppofite  fides  of  O,  the  lign  of  the  lafl:  term  will 
be  pofitive;  and  when  DFK  =  d  or  180°,  the  whole  term 
vanifhes,  becaufe  in  that  cafe  n=o,   AIfo»  if  m^o,  ff=x^ 

j=  I,  or  if  ^=  I,  the  iaft  term  vaziiOies.    When  m  =  s  =  -^^ 

K  F  sr  45^ :  itv  thiis  cafe,  if  ir  =:  0  the  conflru^on  will  be  that  de» 
fcribcd  in  art.  15.  and  the  tofmeof  the  obfervcd  angle  ED  wilf 
actual  I  —  2^%  the  other  terms  vanlfhing  :  and  becaufc  i  —  2^*  Is- 
thc  cofme  of  an  arc  double  to  that  of  which  the  fine  =  it 
ibliowsy  that  the  angle  obierved  will  be  equal  to  the  arc 
deicrlbed  by  the  index  from  0^  of  which  the  fine  of  one- 
half  is  by  the  problem  =  p.  In  every  cafe^  when 
that  i:,,  u iicn  the  fixed  plane  of  rcfLc'ion  At  the  UiimovcJ  fpe- 
culum  coincides  with  the  primitive  fecondary  KG  (fig.  2.  and 
1 2.),  the  cpfine  of  ED  =1 1  —  8/*^*  x  i  — — /«*  +p'm\ 

23.  The  fine  of  £D  vnll  be  necefiaty  (art.  27.)  to  afcertatn: 
the  variation  of  £D  from  the  truth  occafioned  by  erxors  ii&c 
the  data  ;  to  obtain  fui.  ED  let 

then  (art.  21.)  from  the  value  of  col.  i£D*  we  have.. 

Hn.  ED  =  4  ^/  J<  v^^x  s/i  -  4f        Wlicn  j  is  very  imall, 

and; 
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ixAn^o^      I  -^ig^+CTy  jaearly»  which  giviCt 
fin.  ED=  d^sp  X  nearly. 

24.  The  cofine  of  the  obicrvcJ  angle  rcprclcntcd  by  ED 
(fig.  2.  audi  4.)  in  the  con  ft  ru  61  ion,  being  computed  from  the 

^  four  given  quaatitics /i,  j,  «?,  and  »,  if  either  of  thcfe  ihould 
deviate  from  its  true  value,  the  angle  deduced  will  be  orniDe9us; 
and  from  the  general  expreilion  for  the  oofine  of  £D«  an  c(& 
macion  of  this  error  will  be  obtdned.  In  the  invefligation« 
however,  it  rauft  be  obferved,  tliat  although  the  fmall  incre- 
ments or  decrements  of  arcs  or  fines  are  afliimed  proportional  to 
the  Huxions  of  thefe  quantities,  which  is  ftridljr  true  only  k 
the  aafcent  (bte  of  the  increments  or  decrements^  yet  when, 
the  given  variations  are  in  a  pradical  fenfe  very  fm^U  the 
ei^imation  of  correfponding  variations  will  be  an  general  iiiffi- 
cieiitly  exa^l  tor  pra6lical  purpofes. 

25.  Small  increments  and  decrements,  that  is,  feiali  vani* 
ttons,  being  aflumed  proportional  to  the  fluxions  of  arcs  and 
ef  their  fines  and  co(ines,  if  the  variation  of  the  itac  or  co- 
iine  of  any  given  arc  be  known,  the  extemporary  variabon 
iof  the  arc  will  be  for  the  mod:  part  inferred  from  the  fbllowing 

proportionst  as  iin. :  rad. ::  -cof. :  arc;  and  as  coil :  rad. :: 

^  •  _  ^^^^ 

iuT.  :  arc.  But  thefe  proportions  muft  be  ufcd  under 
rcftriflions  very  neceffaiy  to  be  Lnferted  in  this  place,  be- 
ing true  when  applied  to  the  intermediate  parts  of  the 
quadrant  only  and  failing  at  the  extremities;  ibr  eiample, 
at  the  veiy  beginning  of  the  quadrant,  or  at  the  very  end 
<of  the  femi-circle,  the  variation  of  the  coline  is  the  verfedfin^ 
of  the  arcs  increment  or  decrement,  which  gives  the  proportion 

as  iin, :  2  X  rad. ::  —  col,  :  arc,  being  wholly  di&rent  from  the 
former;  in  like  toimnaf  at. the  vexy  ezttemity  of  the 

*    '    •  drant, 
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^ant,  the  incremeiit  or  the  ime  becomes  tlie  verfed  Hue 
«f  the  arc^  lafl  incremeaty  which  gives  this  proporriou ;  as 

cod  :■  2  x-rad.  :r  Iid*.  :  ara   And  finde  in  this  caie  arc  :rco(ine» 

we  (hall  have, arc  »  \/>  >  Im.  radius  being  =  4.  In  the  other 
parts  of  the  quadrant  which  are  not  very  near  tt&  eoUrenaity^ 

* 

ai€=^;  having  gnren»  therefore,  the  Tariation  of  the  fine 

or  cofinc  of  any  arc,  tlie  fine  or  cofine  being  known,  the 
coterapoi  a ry  variation  of  the  arc  itfelf  maj  be  obtained,  wiien 
k  is  cither  at  the  very  extremities'  of  the  quadrant^  or  a!r 
iome  diftanee  from  thofe  extremitie&  The  difficulty  fies  lis 
afcertaining  in  what  part  of  the  quadrant  the  value  of  the: 

arc=:j^  =  -^*  begin  ta  fail,  and  the  value  expreflcd  by- 
arc  =■  N^2  X  fin.  or  —  s/ 2  a  cof.  to  tate  place.   This  leads  to* 

a  general  propofition  comprehending  both  thcfc  values  for  the 
arc's  variation,  extended  to  every  part  of  the  quadrant. 

The  propolitioii  is  this  r  the  difference  of  the  cofines  is  to 
the  chord  of  the  di&reuce  of  any  two  arcs,  as  the  fine  of  m 
arithmetical  meaff  between  them  to  radiua  ^  and  the  difference  oS 
the  fines  t&  to  the  chord  of  the  diiFerence,  as  the  coltae  of  the 
lame  arithmetical  mean  to  radius.  Let  AB,  AF  (fig.  15.)  be 
the  given  arcs  ;  BF  their  difference  ;  BL,  FH,  the  fines  ;  CL,. 
CH,  the  cofines  of  the  arcs  AB,  AF,  refpc£lively  join  CA,.CBr 
CF,  and  FB ;  FB  will  be  the  chord  of  the  difierence  of  the  arcs 
AF,  ABk  TJirough  B  draw  BG  parallel  toCA ;  then  HL»BGF 
wiU  be  the  difference  of  the  eofines^  and  FG  the  difference  oT 
the  lilies.  Bife(ft  FB  in  D,  fo  fhall  DA  be  an  arithmetical  mean 
between  the  arcs  FA,  B A  ;  join  DC,  which  will  intcrfe£l  FB  at 
n^t  angles  in  £ :  through  JD  and  £  draw  DK,  Elf  perpendicular 

to^ 
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to  CA :  DK  will  be  the  iine,  and  CK  the  Goiine  of  the  tuMa 
arithmetical  DA:  the  fimilar  tnaogles  CEI,  CDK,  FGB,  give 
the  following  proportions : 

HL  or  GB  :  FB  ::  DK  :  DC,  and 

GF  1  FB    CK  ;  DC,  which  was  the  propofitioo 
to  he  demoaftrated 

*  When  FB  (fig.  1$)  is  fdifflt  in  Mmpiilf.itr  of  FA,  that  FG  fliall  be  era- 
ncl'cciu  ill  coinpaiifon  of  FH,  FH  arid  bi.  will  be  lu  the  ratio  of  equality, 
and  confcqnenrly  the  j.iuo  FH  ;  !r  C  equal  to  the  ratio  BL  :  BC,  or  to  the  ratio 
DK  :  DC  i  for  this  reafon,  and  becaul'e  it  has  been  proved,  that  as  HL  :  F5  *.: 
DK  I  DC,  it  fifllows,  that  at  HL>  t  FB  FH  BL  :  BC,  that  it,  at  the  Ttiiatm 
•of  rb«  ooAne-is  to  coten^i^rarx  variation  of  the  arc,  fo  it  the  fine  of  the  varying 
arc  to  radius  %  and,  ibr  fiinUar  reaforn^  as  tlw  variation  of  the  fine  ii  to  ifte 
■eotemporary  variation  of  the  are,  fo  it  the  cofine  to  radiut. 

If  BA  be  fo  diminilhed  that  FG  ihall  bear  a  finite  pfoporttoo  to  FH,  and  tbo 
great  to  be  neglected,  BL  win  not  be  either  to  fH  or  to  DK  in  a  ratio  of  equt- 
Utf :  confeqnentljr,  FH  or  BL  mitft  no  longer  be  fubftltuCed  for  DK :  at  BA 
beeomet  left,  FB  bang  flill  fnppoied  evanefcent,  DK  approximates  to  the  fioe 
of  f  FB  to  which  k  ia  ultimately  equal  when  B  and  F  arccoinciding  with  A  (fig.t6.). 
Li  which  cafe  the  pfoponaoB.wiU  becone  at  HL  or  HA  :  FB  or  FA ::  |FA :  to 
CA,  that  it,  atJtht  terftil  Bne  of  FA  it  to  the  arc  FA  lb  it  half  the  arc  FA  lo  ndiai, 
4)r  ib  it  the  are  FA  to  diameter. 

The  propofitioat  which  have  been  demonftrated,  eompffehend  the  virittin 
of  the  arc  exprefled  m  teran  of  the  eoteroporaiy  variation  of  the  fine  or  toine 
ineveiy  put  of  the  qusdrant  without  limitation ,  It  being  only  allowed  to  ftl^- 
lUtUte  Jthe  arc  FB  ioitead  of  itt  chord,  thefe  quantitiet  approaimatin;  tlw 
more  oeailjjtoefiialltjr  at  FB  it  fmaller,  atid  being  ultimately  equal  in  tiieir  en- 
nefcent  ftaie*  Moreover,  it  will  be  eafy  from  what  has  prece4ed  to  cooftnid  a 
plane  right-lined  tdangle,  which  fliall  be  fimilar  to  the  mixtilincar  triaagle  con* 
tained  under  an  arc,  its  line  and  rcrfed  fine  when  they  are  dimini/hed  fine  limi:^. 
Let  FA  (fig.  I*.)  be  any  arc,  FA  the  chord,  FH  the  fine,  CH  the  cofine  of  the 
arc  FA.  Bifcil  FA  in  D»  join  CD,  and  draw  the  right  fineDK:  then  will  the 
plane  righ'-linird  triangle  KDC  continually  cipproxiinate  to  fimilarity  with  the 
mixulinear  ttiangie  FI>AH  as  FA  becomes  iiiuUcr,  ;uid  ihc  (wo  triangles  will l)C 
Alttinately  fimilar  when  FA  is  vaoUhing. 

3  fi/ 
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Trom  thcfc  geometrical  proportions,  Iiaving  given  auy  arc  ajid 
the  variation  of  its  line  or  coiine,  the  cotemporary  variation  of 
the  arc  may  be  eftimated  by  computation  m  general  for  any- 
part  of  the  quadrant.  Let  the  fine  of  any  ait  be  x,  the 
cofme^r,  the  chord  of  the  arc^s  variation  the  given  varia- 
tion of  the  cofifie— ^,  or  the  given  variation  of  the  fine  =  i^, 
radius  —  i  ;  th.ii  ir  the  co fine  of  the  arc  incrcafcs  by  the  dif- 
ference y,  the  chord  of  the  cotemporaty  decreafe  of  the  arc,  or 

and  if  the  fine  of  the  given  arc  increafes  by  the  ^JuFcreacc  ^ 
+  *«  y/ 2.e  -  Zbs  =F  size  -  2jhi  -  ^\ 

which  are  the  mathematically  true  values  of  the  chord 

and  will  approximate  to  the  magnitude  of  the  arc  FB  as  that 
arc  is  continually  diminiflied.  Tlic  follow  ing  expreffions  for 
the  chord  of  the  variation  k  are  more  compendious,  and  will 
be  fufiidently  near  the  trutli  whenFB  is  very  fmail, 

i  I?  2d 

In  thefe  four  expreffions  it  muftbe  obierved,  that  the  fine  and 
cofine  are  fuppofed  to  vary  by  increaie :  ihould  the  variation 

be  a  decrement,  the  fign  of  .v  and  of  h  or  a  muO:  be  changed. 

26.  LrCt  the  quantities  j,  /w,  «,  vary  by  fmail  in- 
crements m,  if  refpedively,  then  to  obtain  the  cotempo- 
raty variation  of  cof.  ED*  becauie  (art.  at-) 

Cof.  ED  =  I  -  8j'/>  X  I  -s*f^-m^-irm*n^-^nr/-2fmn^  4- 

by  talking  the  fluxion  of  the  equation  we  have 
VoT..  LXXI.  K  k  k  CoC 
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I   ^  -.^   .  


+  I  (^i  ftn'H  X  —  « 4-  2^  »  ~  i  j»  MZp  •  — —  . 

^1  — J»* 


27.  This  value  of  col.  El)  Is  expreffed  in  terms  of  the  va- 
riation of  the  fines  of  the  given  quantities :  if  it  be  neceflar/ 
to  cxpreis  cof.  ED  in  terms  of  the  variation  of  the  arcs  them- 
fdveSf  it  muft  liril  be  coniidered  to  what  part  of  the  quadrant 
they  belong :  for  example,  if  i  be  a  (ine  of  an  arc  b  not  very 
near  the  extremity  of  tlie  quadrant,  and  the  variation  be  j,  ths 

cotemponiry  yariation  of  the  aic  i  will  be  ^;r=^ »       ^  ^ 

variable  arc  be  nearly  =  90%  and  becomes  exa£^ly  equal  to  it 

ultimately  having  varied  by  a  fmall  arc  I  of  which  the  vcried 

lme  =  v;  then  will -j  =  the  verfed  line  of  and  -^  =  \/2v. 
LafUy,  if  the  variable  angle  approximates  to  90",  but  is  not 

equal  to  it,  and  the  variation  of  its  iine  (hould  be»i»  the  co- 
temporary  variation  of  the  arc  muft  be  obtained  from  the 
general  tlicorcm  in  art  25.  When  either  of  the  two  lat- 
ter cafes  happen,  the  variation  of  the  arc  mull  be 
determined  for  each  particular  cafe ;  but  it  will  be  neceflaiy 
to  give  a  general  exprefiion  for  cof.  £D  in  terms  of  the  varia- 
tion* of  the  given  arcs,  of  which  ^,  /,  w,  n,  are  the  refpe£live 
fines  when  thefe  arcs  are  at  fume  diftance  from  90" »  thii  li 
coauiiiied  in  the  next  aitick. 
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'28.      the  angle  C^F=.^fig.r4.>'f  temtRP^Jf  rffeait 

*    •  •  • 

being  tf,  ^,  c,  .and  </,  their  fujes  /,  tin  and  zr,  ajad  the  co- 
cemporaiir  iQcremiiM  of  ehev  line$  ^  X  iirt  aud  from  the' 
proportion  contained  in  art.  24.  we  fhall  have  f>  =  ax  \/i  -p\ 
i  X  /i^,^  m  =  f  x  / "T^,  and  n  =  Jx  wWgh 
being  fuf^fl^tuted  in  the  vilue     cot;      lail  found  will  give 

-  fis/  X  ✓rg?>>^:i|^;<wgiy  -  + ^^^^ + ^  _    y + 2; 

+  i6jV'  X  ^l^'lKX  l-m'-f'  +  Zf'm'-i'f'm'ryn  X  *^J^'  X X ♦^I^' 

This  quantity  (art^^  ^kiag  iMM'^J^J^pti^mmf 

ferved  angle,  the  variation  of  that  angle  or  ED  will  be  the 
quotient. 

29.  In  l4ie  expreiiion  for  coITED  contained  in  ait.  z6»  the 

vanatidns  ^,  i,      and  ff,  ard  arbitrary,  as  ^te         c,  and  J, 

in  tlie  lail:  article.  If  a  condition  be  annexed  to  the  variation 
of  any  of  them,  two  or  more  may  become  dependant  on  each 
other ;  and  their  relation  muA  be  determined  by  the  nature  of 
the  cafe.  Moreover,  if  one  or  more  of  the  given  arcs  and 
their  fines  ihould  be  corred,  the  variations  correijponding  and 
all  the  terms  multiplied  into  them  will  vaniih.  To  give  an 
example  of  the  ufe  of  thefe  exprefllons  before  they  are  apphed 
to  the  immediate  purpofe  of  examining  tlie  new  conftrudlions 

K  k  k  2  -  defcribed 
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4a4        '-^^  ATWooo's  Iheor^  ftr  the  SfUnJuratioit 
dcfcribediaart.  1 5.  and  16.  let  it  be  required  to  afSgn  what  error 

is  occafioncd  in  obferving  a  glveii angle  with  .1  h  adley's  Hdniir,. 
in  which  the  telcfcopc  Is  parallel  to  the  plane  of  motion,  but 
the  two  reflc^ors  deviate  from- their  ^rpendicular  to  that  plane 

by  a  QasM  angle  b,   Suppofe  the  error  of  half  the  arc  pointed 

tt)  by  the  index  to  be  J,,  and  confcquently  the  errpF  ot  the  line 

of  half  that  *  arc  =   x  v/i  -/>'=/  :  in  this  cafe,  becaufe  the 
inclination  of  the  rcfleflors  to  the  plane  of  motion  is  nearly 
a  90%  the  Variation  of  the  fine  will  be  et^oai  to  the  veried  0ne  o£ 
the  fmall  arc    by  which  the  indication  deviates -from  90* ;  let 

V  be  the  verfed  fine  of  b,  then  will  -s  =  v  (j  varying  by  a  de- 
cxcment  of  v).  Moreover,  becaufe  a  condition  is  aniiexed^which 
i3»  that  the  line  of  obfervation.  is  parallel  to  the  plane  of  mo- 
tion,  the  variatioBS  .r,  and  n,  will  be  dependent  on  each, 
other.  To  Inveftigatc  their  relation  let  FO  =  ^  (fig.  7.)  be  tha 
fmall  arc  which  mealiires  the  deviation  of  the  rcfledors  from 
the  perpendicular  to  the  plane  of  motion :  then,  becaufe  fuu 
DO  tttf  and'  iin.  DOF  »  0  as  i  by:  the  problem,  when  F  frcixr 
having  been  coincident  with  O  has  moved  through  the  arc  0F„ 

it  is  piain,  that  n^im,  DFO  -  lin.  DOF=  (n  being  a  decre- 
ment) ;.  but,   by  the  i  properties  of  fpherics,  cof.  DFO  = 
V^^^^vSocv^..  ^         t^i^,^  vc^y  ftMll,  the 

*  /)hfrc,.  as  in  the  general  fohition,  denotes  the  fine  of  half  the  arc  to  which 
the  index  on  the  plane  of  nioilon  i^^  direficd,  that  is,  p  ~  the  fioe  <»f'oae>fourti( 
of  the  angle  obfcrve<i  in  Mr.  hadlly's  conftniftion. 

f  Fig.  7.  as  rnd.  :  cotJng.  DF     tang*  FO  :  cof.  DFO,  that  is,  FO  being  vciy 

fmall,and  therefore I'O*^ a  X  verfed  fme  of  FO,  as  rad.  :  cotang.  DF  ::  ^u.  cof, 
DFO  .  by  die  probkn  fin.  DF=»,  and  coC  DF  =: V^t  -     . wbei«£Dre.cott  Df  ^ 

which  gives  coC  DFO  =1^I»  k  ^liZiL*. 

fine 
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f  lie  of  DFO  « I  -  ^i^ii^,  from  which  i  =  iia .  DOF  being  fub- 
traaedleaves-  i^::^^^^.  orbecaufe  i=  -v,  'n^±I2^^. 


.Moreover,  the*  (quantity  l—i  in  the  ualcent  ftate  of  i-s*  and 
andy/*"**-  Making  therefore  in  the 


general  expreffion  contained  in  art.  a6.  »  a,  -  v = . 

i)ev/T^=/,  and7==;»>/^, »  =  *  =  wefhaUhavc 

X 6/* «  X  2  -  3^*  - »i*  +  2p*m*^%mp  x  v^i  -<»*  x  v'l  — and 

becaufe  the  fine  of  the  obfcrvcd  angle  is  4^  x  v^i  x  1  -  2/', 
the  error  of  the  obiervation  itfelf,  that  is^ 

i,D  =  4^  Vrrpx 

In  this  example  the  portion  of  the  telefcope  has  been  fup- 
pofed  exaaiy  in  the  plane  of  motion;  diould  it  be  in- 
clined to  that  plane  at  a  fmall  angle,  of  which  the  verfed 
fine  =  V,  the  pcfition  of  the  refle£tors^  and  the  arc  pointed  to 

hy  the  index  being  corned,  the  general  v^U€  of  coITED  will 
give  the  error  of  tlic  obkrvation,  or  ED  = 

30.  To 

•  Khenafoentvuiieof           =:  .  ;.biit.ws  ..     .  ■  =:■■■  j  


vhewfore        =  — '"-i ,  whea  1  and  •  are  nearly  =  1. 

1  — n      I  — m 


t  When  I  he  £oiition  of  the  tclcfcopc  only  i»  erroneoi»k  the  pomtl  F  and 

coincide: 
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30.  To  cxamme  in  what  degree  aii  obrervatioii  taken  by  the 
new  conflrudlon  dcfcribed  in  art.  15.  is  affcdled  by  known 
errors  in  the  given  quantities,  let  the  reflcflors  B  and  C  deviate 
by  excels  from  their  true  angle  ot  incHnation  to  the  plane  of  mo- 
tion by  a  fmall  angle  -^b :  let  the  angle  of  incidence  on  the 
fixed  fpeculum  be  too  great  by  the  increment  c :  let  the  fixed 
plane  of  refle«5lion  deviate  from  the  fccondary  KO  with  which 
it  fhould  coincide  by  a  fmall  angle  j;  and  laflly,  let  the  error 
of  the  arc  pointed  to  by  the  index  be  =  2  ^;  then  thefe  variations 
are  arbitrary,  no  condition  being  annexed.    Moreover,  by  the 

conftru<5lion  ;;;  =  j  =  -^,   and  «  =  o,  which  values  being  fub- 

ftituted  in  the  general  expreflion  contained  in  art.  iS.  we 
lhall  have. 

Cof.ED=  -  4ap  X / 1  - /)* - x  i-p'  +  4p\x  1^ :f 2 V^lp^dX  ^ ~p'  J 
and  bccaufe  the  fine  of  the  angle  meafured  =  2/>  x  \/i 
the  error  of  the  obfervation  required,  or 

coincide  (fig.  7.)  let  the  inclination  of  the  telefcope  to  the  plane  of  motion  with 
which  it  (hould  coincide,  be  mcafurcd  by  the  fmall  arc  D</;  then  the  correfponding 
variation  of  the  angle  DOK  will  be  DOd.  Let  Ddzzty  and  its  verfed  finer:  0; 
fince  the  fine  of  DO— ot,  and  the  fine  of  DOK  —  i  — «  by  the  problem,  »  =  tbe 

vcrfcd  fine  of  DOd;  but  DOiz:— ,  and  the  verfed  fine  of  DOi  =  — i=-i ; 

OT  am  m' 

•   — ^  .  .  •  • 

wherefore  n  =  —r-    This  being  prcmifcd,  it  appears  from  art.  26.  when^,  and 

=  o,  that       ED  =  +  1 6  lYm^n  X  -n  +  2/)*^;^=*=^ ' " ✓737x^  i- 1 


arc 


+  16  i'p'^mmx  i  —  tr  —  p'  +  zp^  n^-i^p^n'=p2  pnx^i  —  n'Xv^i  — i'x/i-^* 

—  V 

in  which  quantity,  fubflittiting  i  for  j,  1  for  n,  and  for  »,  we  fliall  have 
cof.  ED=  + i6^*i;X  I -/>%  which  being  divided  by^he  fine  of  the  obfcrvcd 

^^^^^^^^^   ■ 

angle  =  4/  X  ^  1  — X  i-p  ,thc  quotient  will  be  the  variation  of  that  angle  or  ED  ;= 

—T^r,^ — 

ED  = 
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m   

It  Appears  from  the  firft  term  2^,  that  an  error  in  the  arc 

pointed  to  by  the  index,  caufes  ati  equal  error  iii  the  oblervcd 
angle;  whereas  a  doultlc  ciror  is  cauftf!  hy  it  in  hadley's 
fextant,  which  gives  the  new  conftrudion  confidcrahle  advan- 
tages :  to  counter-balance  tlicfe  tlie  errors  i^i  HADLBY*sconitnic- 
tionf  caiifed  by  a  wrong  poiition  of  the  reflefltng  planes,  &c.  are 
dlnK>ft  evaneicent ;  whereas  the  three  laft  terms  in  the  vahie  of 

LD  juft  found,  may  become  coniidcrable,  unlefs  great  care  be 
taken  in  making  the  adjuflments :  the  feparation  alfo  of  the 
images,  when  in  contaft,  caufed  by  any  unfteadtnefs  of  the  in- 
ilrument  will  be  greater  than  in  Mr.  hadley's  conftrudlion  * ; 

but 

• 

•  The  variation  of  the  obfervcd  angle  ED  will  fiicw  how  much  the  images  fcca 
in  contaii^  in  the  fitld  of  the  tclefcope  will  appear  to  divaric:itc  on  anv  motion  of 
the  entire  condruAion.  For  example,  while  the  images  ot  the  obicrvcMl  objects 
are  coincident  in  the  field  of  the  tclefcope,  fiippofe  that  Mr.  hai>le\'s  iallrument 
were  turned  round  in  its  own  plane  through  a  fmall  an^e:  here  j,      nnd  ^,  not 

being  affceled  hy  tliis  inolion,  it  follows,  that  j,  n,  and  p  ~  o,  w~the  fine  of  the 
angle  of  incidence  on  the  fixed  fpeculuai,  being  the  only  quantity  which  luffers 

alteratiot^  :  let  its  variation  —  m,  which  will  give  from  art.  aO*  the  correiponding 
variation  in  the  cofine  of  the  obferved  angle,  or 

Cof.  BJ>=  +  i6iy«i«  X  +  «/V-jy**qpi^»Xi^«^x  v^Tl?  X 

=0,  becaiife«^#=t.   Wherefore  any  motion  of  the  images  in  tlte  plane  of 

the  inftrutxient  will  not  caufe  the  leail  feparation  of  them*  Now  (uppofc  the  whole 

to  be  turned  on  an  axis  fituated  in  the  plane  of  mntion,  and  perpendicular  to  the 
teIefcope*c  axis :  if  the  angular  motion  te  meafured  by  an  arc  of  which  the  verfcd 

fine         the  points  in  contact  will  be  feparatcd  through  an  angle  ~  »  • 

1  —  2^ 

^  being  the  fine  of  one  quarter  of  the  angle  obierved  ;  btit  the  quantity  v  being 
very  Ibaall)  when  the  angular  motion  doe$  not  exceed  30',  the  divnrication  of  the 
linage  will  be  incoafiderablc.  All  cbliquc  motions  of  the  telefcope*s  axis,  and 
conlequcntly  of  the  image  feen  by  dired  rays,  may  be  reiblvcd  into  thofe  that 

have 
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but  in  meafuring  the  fmaller  angles,  this  reparation  of  the 
images,  as  well  as  the  errors  exprefled  by  the  three  lafl  teitns 
will  be  greatly  diminifhed  while  that  which  is  denoted  by  %a  con- 
tained in  the  firft  term  is  not  increafed.    On  the  whole,  from 

the  properties  which  have  been  demonflrated  to  belong  to  this 
conflruiSUou  defcribed  in  art.  15.  it  may  leem  worthy  of  atten- 
tion m  practice,  for  fome  agronomical  as  well  as  other  ufes. 

31  .By  the  iame  way  of  examination  it  may  be  judged,  whether 
the  method  of  obierving  by  two  reflexions  from  plane  furfacesbe 
appHcable  to  the  menfuration  of  fmall  angles,  according  to  the 
conftruclion  dcfcribed  in  art.  16.  Let  the  errors  ot  the  f(n]r  given 
quantities  (as  la  the  lafl  article)  be  2J  3:  the  error  of  the  arc 

have  been  conlidei  ed,  which  are  perpendicular  to  each  other :  and  from  hence  the 
aeafon  appears,  why  the  motion  of  a  fliip  at  fea  does  not  much  diihirb  the  ob{ier< 
«ation  of  angles  by  Mr.  uaolky*!  mftriiment* 

The  new  confimdiOB  deieribcd  io  art.  z$,  ii  not  lb  well  adapted  for  obfemtkn 
where  it  cannot  be  ileadiljr  fiicd.  When  the  images  are  in  contaA,  if  the  iedra* 
menc  be  turned  in  its  own  plane  through  a  fmvll  aagle  the  feparationof  dke 
images  will  be  =  (becauie^'=^3/%  vid.p«  4.26.)  p  fignifyinf  thcfioe 
of  half  the  obferved  angle  :  this  it  is  evident  wilt  moH  a&A  the  obfervatioo  of 
the  larger  angles;  bat  in  meafiiring  thoft  that  are  fmall,  the  divarication  viUbc- 
tome  incondderable.  Moreover,  if  the  angular  motion  of  the  inftrument  be 
when  it  f  urns  round  an  axis  in  the  plane  .of  motion,  and  perpendicular  to  the  te!r- 
fcope*s  axis,  the  reparation  of  the  imagqi  will  be  zz  t/'^X^t— p,426.wijch 
it  is  plain  will  moft  diAurb  the  obfervations  of  aa^es  about  90^  but  will  feaicdf  aher 
Che  conta£t  of  the  images,  when  the  angjks  meafuted  are  verjr  finall,  or  near  rto^ 

The  objc^  obferved  and  their  imag^  ate  here  underftood  to  be  phyfical 
points :  thus,  when  the  two  image*  of  the  fiio  'are  feen  fay  direft  and  idkOed 
rays,  and  the  limbs  appear  preeildy  in  eontad,  if  by  any  motion  of  the  inSra* 
ment  the  contact  is  diHurbed,  the  points  which  before  touched,  beinf  the  oblcnred 
objeAs,  .are  faid  to  be  feparated,  wliether  the  centres  of  the  folar  images  appMch 
4M'  recede  from  each  other,  the  feparatioo  being  eflimatea  in  the  direction  ef 
^  arc  whkhpailes  through  the  centers  of  the  two  foiar  images. 

Experience  mull  determine  in  what  degree  this  feparatioo  4kf  the  ioiagttwS 
^lifturb  obfermtons  taken  atXea  with  the  new  cooftru&ion. 

.  3  poiutcd 
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pointed  to  by  the  index;  3  =  the  error  of  the  inclination  of  the 
refledors  to  the  plane  of  motion ;  c  =  theerror  iu  the  angleof  inci- 
dence on  the  fixed  fpeculum;  and  the  incUnatbn  of  the  fixed 
plane  of  reflection  to  the  primitive  fecondary  with  which  it 

m 

fhonld  coincide.  Referring  to  the  general  value  of  coTTSD, 
(art.  28.)  and  making  n~o  wc  fiiall  have 

and  becaufc  s  being  Vi  rv  fmall,  the  fine  of  ED  (art  23.)  ap- 
proximates to  4.^f>  X  y/ 1  -m^-{-p'//i\  the  error  of  the  obfcrva- 

tion  itfelf,  or  ro-i^ii-^^-iSlSiii? 

•  V'l— f 

V  1  —  ffi  +  />"/;;- 

The  firft  term  of  this  expreiiion  gives  the  relation  be- 
tween any  fmall  variation  in  the  arc  pointed  to  by  the  index, 
and  the  correfponding  *  alteration  in  the  angle  obferved ;  if 

therefore  the  variation  on  the  divided  arc  be  any  fmall  angle 

±  z  'a,  +  or  -  the  firllterm  will  exprefs  the  variation  by  which 
the  obierved  angle  is  increafed  or  dimini£hed.  According  to  the 
magnitude  of  m  and  x  aflumed  for  this  conftrudtion  m  being  the 
fmeof  7%  and  i  =  the  fine  of  10',  it  appears,  that  at  the  very 
beginning  of  the  fcale  one  fecond  of  a  degree  in  the  angle  ob- 
fervcd  eorjcrpoaJs  tc  fomewhat  lefs  than  three  minutes  on  the 

divided  arc  OP;  that  is,  when  2^2  =  about  173",  iiD=i", 

C9  if  and     not  being  here  confidered*   When  / » |,  the  in- 
dex then  pointing  to  60"*,  one  lecond  in  the  obierved  at^le  cor* 
Vol.  LXXL  .  L 1 1  '  relpondg 
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reiponds  to  about  199"  in  the  divided  arc  OP  ;  when  p  is  nearly 
,  the  index  being  then  directed  to  akaoft  1 80%  it  muit  deicribe 
above  2  degrees  to  make  an  alteration    i'^  in  the  obferved  angle. 

The  fccond  term  exprefles  the  variation  in  the  oWcrvation  oc- 
cafioncd  by  an  error  b  in  adjuring  the  iadiriation  of  the  r- 
fle£ting  planes  to  the  plane  of  motion  ;  but  ^  (art.  18.)  cannot 
exceed  i  of  tli/C  Icail  angle  vifible  in  the  telefcope,  confe- 
quently  the  utniofi:  value  of  the  iecond  term  cannot  be  ib  great 
as  that  lead  angle^  being  at  its  limit  when  f^\v  it  is  mani- 
tcl>  w iicn  p  is  fmail,  that  the  fecond  term  is.  fo  much  dimi- 
nifncd,  as  to  Ix  in  a  phyfical  fenfe  evancfcent.  The  iame  may 
be  faid  of  the  fourtli  ternn,  containing  the  error  of  the  optical 
adjuilment  dy  which  beiides  is*  multiplied  into  s  the  (ine 
of  lo^  The  third  term  is  occafioned  by  the  error  c»  for 
which,  confiderable  latitude  muft  be  allowed^  fuppoll  3  : 
to  cillmate  the  tli'cft  of  this  error  on  tjie  obfervation, 
let  a  cafe  be  aliumed :  let  the  index  he  directed  to  90* 
when  an  obfervation  is  taken  for  determuiing  the  angle  lu In- 
tended between  two  objeds :  then  wiU  p^^v  bj  fubih-^ 

tuting      for     the  iine  of  7^  for  «r,  the  fine  of  10' 

'  and  180''  f(^r  c  in  the  third  term,  we  ihall  hare,  by  com- 
p\itation,  the  value  of  that  term».  or  the  error  in  the  ofaier— 
vation  occafioned  by  this^  deviation  of  the  ao^e  of  ioci* 
dence  from  its  true  magnitude  » not  the  tenth  paxt 

of  a  fccond.    This  is  rather  an  unfavourable  cafe,  the  variation 

being  not  much  lefs  than  at  its  maximum  when  p™-^*  if  /  i& 
finally  or  nearly  » the  *  variadcm' will  be  w&ollj  infenfible^ 

♦  The  variation  is  a  maximum  when^r:  the  fine  of  35**  xi*  \  aod  confequeotl; 
fkc  arc  pointed  to  by.  the  iod«x=7o*  34'..  Snbftitiuiag.  therefore  the  fine  itf  %^ 
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$2.  From  contemplating  the  value  of  the  error  =  ED, 

as  cxprcfled  by  the  four  terms  juft  rctcncJ  to,  ibmc  rai  thcr  ob- 
iervations  are  iuggdlcd.  It  appears,  that  fetting  afidc  the  error 
of  the  fcale  exprelTed  by  the  hril  term  (the  angles  mcaiure^  be- 
ing here  fuppofed  lefs  than  22'  56''  35  '0  others  become 
imaller  as  the  quantity  ff  and  coiifequently  the  angle  meafured 
is  diminiihedy  p  being  multiplied  into  each  of  the  three  laft 
terms.  This  is  a  material  circumilance :  for  the  fame  given  error 
Vrould  afle^t  the  menfuration  of  the  fmallcr  angles  in  a  greater 
proportion  than  the  larger.  Moreover,  if^=i,  or  npproxi- 
mntes  to  that  quantity,  the  index  then  pointing  to  an  angle 
nearly  =*  to  J  So%  the  lirft  term  and  the  two  lait  terms  become 
almoA  evanefcenty  not  only  from  the  circumftaiices  that  have 

been  coniidered, but  from  the  quantities  i  y/i  - which 
are  multiplied  into  them.    This  alfo  the  obferver  may  avail 

himfelf  of:  for  fuppofing  lie  iliouid  know,  that  the  angle  of  in- 
cidence on  the  fixed  Ipecuhim,  and  the  fixed  plane  of  refle^lion, 
Mire  Imperfe^ly  adjufled,  and  even  that  tiie  divided  arc  isiucor* 
re<ft,  he  may  almoft  wholly  avoid  the  errors  which  they  would 
occaGon,  by  ib  adjufting  the  inclination  of  the  feAeAora 
to  the  plane  of  motion^  inreipedlof  the  angle  meafured,  that 

for  p  in  the  third  term,  (p.  every  thing  elTe  Kmoioiog,  the  tnaximum  of 
variation  in  the  obfcrved  angle  on  account  of  3' differcQCe  ill  the  an^e  of  inci- 
dence on  the  fixed  Ipcculum  will  appear  to  he  —  ".098k 

The  error  of  an  obfemtioli  occafionetl  hj  a  tariadon  x  in  the  angle  of  inci* 

deacc  OQ  the  fixed  fpeculum,  can  nevtr  exceed  the  rnr  P^''^  ^'hich  is  the 
maximum  of  erior»  the  angle  roeailired  beings  aa'  56"  31"',  the  index 

thoi  pointing  to  70**  «4'«  The  errofi  cauled  hy  a  fmall  angle  at  which 
ihe  fixed  plane  of  refleAion  it  lactined  to  the  primitive  fecondaiy  with  which  it 

Awuid  coincide,  cannot  exceed'  the  part  of      which  i»  in'  minmum 

when  the  angle  meafured  u     i%"  3'  ,  the  Index  then  beingdiicdcd  to  109^  ao'. 

L 1 1  2  the 
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the  index  lhall  point  to  fome  degree  near  to  1 80%  which  is 
done  by  making  that  incUnation  very  little  more  than  one- 
fourth  of  the  angle  to  be  obferved.  .  .  / 

33.  The  tables  i.  and  11.  are  calculated  for  taking  the 
diameters  of  the  fun  and  planets  :  the  conftrudion  being  formed 
on  the  principles  which  have  been  explained  (art.  16.  i".  18. 
31.  32.  fig.  12.  13.)  The  fixed  plane  of  refleiflion  is  coinci- 
dent with  the  primitive  fecondary,  and  confequently  «  =  o: 
the  common  inclination  of  the  refleclors  to  the  plane  of  mo- 
tion =  10' ;  and  the  conrtant  angle  of  incidence  on  the  fixed 
fpeculum  =-  7". 


TABLE  I. 


Arc 
pointed  to 
by  tlie 
index. 

Obfcrvcd 
angle. 

/     //  /// 
0    20  47 

2* 

0    41  34 

3° 

I      2  21 

4" 

I    23  8 

5' 

»    43  54 

6" 

2     4  40 

f 

2    25  25 

2    46    10  • 

3     6   54  ■ 

10- 

3   27  37 

DIff. 


II 

20 

III 

47 

2Q 

47 

20 

47 

20 

46 

2Q 

46 

20 

45 

20 

45 

20 

44 

20  43 


TABLE  ir. 


pointed  to 
by  the 
index. 

an"le. 

Diff". 

/             /'  //* 

30    32  51 

100° 

//  III 
13   28  . 

30    46  19 

13   20  - 

102° 

30    59  39 

13  12 

3»    12  51 

»3  3 

104'' 

25  54 

12  54 

105^ 

31    38  4S 

12   46  ' 

106= 

31    5»  3^ 

12  37 

107*' 

32     4  n 

12  28 

108° 

32    16  39 

12  19 

109" 

32    28  58 

11  II 

no" 

32    41  9 

The 
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The  divarication  of  the  Images  while  they  traverfe  the  field' 

of  the  telel' oi^c  durincr  the  time  of  uii  oblervatioa,  and  the 
errors  of  tlie  obferved  angle  in  confequence  of  any  change  in 
the  quantities  m  *  and  n  (p.  429  )  fhoiild  they  appear  to  be  of 
fenfible  magnitude,  may  be  diminifhed  until  they  are  in' 
phyfical  fenfe  evancfccnt,  by  altering  the  valuer  of  x  and  m 
(art.  31-)  •  ^or  this  purpofe  it  will  be  requifite  to  ufe  two  fe- 
parate  conflru^lions ;  the  one  for  obferving  very  fmall  angles, 
thoie,  for  example,  which  do  not  exceed  2'  :  and  the  other, 
for  meafuring  fuch  angles  as  are  fubtended  by  the  fun  and  moon. 
In  the  former  of  thefe  i  noay  be  afllimed  =  the  fine  of  30'', 
tn  —  fin.  7**,  and  n  :=.o.  From*  theie  data.  tab.  iif.  is  calcu- 
lated. In  the  other  conftru<StIon,  becaufe  very  fmall  rcficx^Ing 
flirfaccs  are  necefTary  to  obferve  the  fun  by  two  reflexions  (art. 
17.)  m  may  be  afi'umed  =  fin.  1%  s  being  =  fin.  10',  and 
n  =  o:  from  which  conditions  the  fourth  table  is  calculated. 
Theie  tables  may  be  eafily  extended,  by  calculating  from  the 
value  of  cof.  ED  or  fin.  ^ED*  contained  in  art.  21.  or  22, 

*  Let  theteleftope  with  the  entire  conftrudioD  be  fieadity  fixed:  thea  if  the 
objeAs  oblerred  be  in  contaA  while  the  touching  poiirti  occupy-  the  center  of  rh« 

field,  the  angle  of  toddencc  on  the  fixed  fpeculom  will  be  of  its  true  magnitude; 
that  ir>,  its  fine  or  m  will  r:  fin.  7**  in  tables  I.  II.  and  III.;  andro  =  fin.  i'  in 
table  IV-  The  fixed  plane  of  reflexion  alfo  wall  be  coincdmr  with  the  primitive 
iecondaiy  ia  all  the  conilru^ions  corrcfponding  to  tabled  1.  IT.  III.  and  IV.  The 
telefcope  continuing  unmoved,  the  diurnal  motion  of  the  heaven*  will  caufc  the 
^intt  in  conta^  to  leave  the  center  of  the  field ;  this  wiUoccafion  no  alteration  in 
tbo  quantitiet  1  aad^,  but  will  aSeft  m  and  n  only :  therefore,  i  and  />  ~  o.  To 
eS&aMe  the  effect  of  thit  change  in  the  value*  of  m  and  n,  let  jii=:/x 

«nd  m^dx  ^'^i— n",  as  in  art.  sS.  andfupfMrfe  a  line  tobe  diawo  through  the  centre 
of  the  field  in  a  plane,  perpendicular  to  the  plane  of  motion :  this  line  will  be  in  the 
fixed  plane  of  refleAion ;  and  anjr  deviation  of  the  points  in  contaA  through  a 

iinall  angular  fpace  r,  from  the  center  of  the  field  will  caufe  an  e^ual  variation  c  in 

tlvc- 
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the  angle  of  iocidence  on  the  fixed  fpeculumj  the  cprre^oadiof  fipantkaof 

the lmage»  will bf-V^^^^j!^" ^  '  "  ^\p,  429-)  ^Wch  U  the  grca tell poffible 


when 


^  =   .^^  =  fiae  pf       XI'  47"  (if «.  =  fau  r. 


«ndi=:fiiuio',  asin  tab.  I.  and  II.)  bciog  then::       ;  but  if  isfin.  30",  ai 


tab.  Ill*  the  greateft  reparation  will  be  only  -^—^  correfponding  to  left  than  ooe- 

36740 

third  of  a  degree  for  the  imaget  motion  through  10'  in  the  field  of  the  tcick-ops. 
lo  like  manner  let  a  line  be  drawn  through  the  center  of  the  field  perpend  tciihr  to  the 
line  before  drfcribcd : 

iiny  deviation  of  the  points  in  contaA  through  a  i  n.  iilnngie 

e  in  the  dirctftion  of  this  line  will  caufc  the  plane  of  rc!lcflion  at  the  fixed  fjx'cuium 
to  be  iQcUned  to  the  primitive  fecondary  with  which  it  Ihonid  coincide  at  an  angle  r 

this  wdl  occafion  a  reparation  of  the  imagea  =  xK i~i*x/i-A' 

**.  *^x-ai*+a«y 

(page  429.  ^  being  there  fubftituted  for  d)  which  is  the  greatcA  poflible  v.hea 

/^'e— ^^F— '^^^5^ 
p   jj^^  •  If  «  =  fin.  7®  and  jsfin*  lo^r     » tab. I^aadlL 

•  • 

thegreatdlftprntionof  theimageawiUbeS'^^s— but  if  i=  £0.30^' 

Mdfli=:fin.  f,  it  in  tab.  lit  it  will  only  rr  -7^  =!  ^,  which  aftfivett  t# 

'  '  '     36560  299920 

a  divarication  of  lefs  than  i'"  for  the  images  motion  through  10'  in  the  SdA 
of  the  telefcope,  in  the  direflion  of  the  line  above  defcribed,  which  it  ibawa 
through  the  center  of  the  fidd»  and  perpendicular  to  the  fixed  ptane  of  icfleftion. 
It  muft  be  remtmberedi  that  the  ieparationi  of  the  images  here  efhinated  ai« 
greater  than  can  poflibly  happen  in  thefe  conftmAions,  when  the  indcK  il 
direded  to  any  other  poiota  of  the  drcnmferenoe  of  the  plane  of  motion  (the 
diftance  of  the  images  from  the  center  the  field  not  ciceeduig  10')  and  are, 
even  in  this  cafe,  ph/ficall/  fpealciog,  evanefcentt 
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TABLE  III. 


Arc 
pmnted  tc 

by  the 
index. 


lOO" 


io3« 
104° 
7o£ 
106" 
J07' 
108" 


109" 


110'' 


ObTervrd 
angle. 


3'  39 


32  19 


3*  59 


33  39 


34  18 


34  56 

35  34 

36  IS 

36  50 

jl3 


Diff. 


40 


40 


40 


39 


ii 

ii 

ii 

37 

l6 


TABLE  XV- 


Arc 
pointed  to 
by.ihe 
index. 


100" 


10  r 


104° 


10^ 


106 


zo8- 


109V 


110" 


Obfcrvcd 
angle. 


30    38  23 


30   S«  47 


31 


3>   i&  9 


3^   3'  7 


31  43  56 

3»    5^  37 

3a     9  9 

32  21  32 

33  46 

3a    45  52 


DifF. 


»3 

< 

/// 

24 

13 

15 

'3 

7 

12 

5^ ; 

12 

49 

12 

4> 

la 

32 

12 

23 

12 

14 

12 

6 

f 
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"XXVII.  An  Account  of  tbt  Ophidium  barbatum  linnei.  5/ 
P.  M.  Auguflus  Brouflbnet,  M.  D. ;  communicated  by  Sir 
.  : — Jofcphr  Banks,  Barti  P.  R, 

;  '  ■>  •  ! 

•  it  I 

■  I 

_     _  -  . .  ^  *  .  I 

-     ^<jad  July  5,  i;Si. 

THIS  rpdcies  of  Rfh  dems  not  to  have  been  unknown  to 
the  ancients,  though  probably  thc}'  confounded  it  with 
the  Conger,  to  whicli  it  bears  lome  refemhlanci'.  Perhaps  the 
early  Giiedk. and  I#n tin  , writers  on  natural  hiftory  have  men- 
tioned it  under  the  nanie  of  Tragus,  or  Callanas ;  but  for  want 
of  deicriptions»  they  if  ft  |is  much  in  ihe  dark  concerning  it. 
PLiKY  ii!id«c^tpeaisof"r^  which  aj^pcars  to  he  of  this  fpe- 
cies  :  he  calls  it  OphUion^^  and  as  that  is  the  name  giveu  to  it 
by  all  the  modern  writers,  we  are  obliged  to  accept  his  lyno- 
iiymy  without  further  iu<juiry.  , 

The  firil  author  to  whom  we  arc  indebted  for  a  defcription 
and  figure  of  the  Ophidium  is  bbllonius  ;  yet  it  appears^  tliat 
he  was  not  certain  of  the  name  of  this  iifli,  fince  he  calls  it 
(jty litis,  jalfo  congrus,  tragus,  afelll  /pedes ;  nor  was  he  lefs 
tloubttul  of  the  clafs  to  which  he  fliould  refer  it,  and  thtre- 
tbre  placed  it  among  the  AJelli,  or  Gadi^  though  vciy  dif- 
ferent from  the  fpecies  of  that  family*  rond£LEtius,  who 
ivrote  foon  after  bellomivs,  has  given  us  a  better  defcription, 
and  a  more  accurate  figure  of  this  fifliy  which  he  calls  Opbidiw^ 

*  Ophidion  or  Ophidium,  though  the  beil  ii  Optu^um,  it  not «  ^nnI  ^bbh^ 
name,  fince  it  i»  a  dtminutiTC  from  Offfi 

J  wicli 
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with  a'refemceto  TLii^Y.  In  the  figure  of  bslLonivs  the 
cirri  are  verjr^ill  repreCented,  and  the. whole  £fh  appears  with- 
out any  fpots,  whereas  in  the  plate  of  xokdblbtius  it  u 

covered  with  oblong  fpots.  This  remarkable  diiFcrencc  be- 
tween the  figures  of  thcle  authors  wns  fufficient  to  determine 
G£SN£aus,  and  others  who  have  written  lince  their  time,  and 
who  are  to*  be  confidered  rather  as  compilers  than  authors,  to 
take  the  fiih  dcicribed  by  bellonivs  to  be  a  different  Ipecies 

from  that  of  RONDE LET  lUS.  . 

wiLLouGHRY,  who  the  fufl:  ichtliyologhl:  who  lias  given  us 
any  good  dcfcription  of  fifli,  treats  largely  of  the  Oph  'idlum\  and 
in  his  account  defcribcs  the  fcales,  which  are,  as  we  lhall  here-^ 
after  explain,  oblong,  diftind*  and  diipoied  without  any  regular 
order.  Tliia .  defcription  was  fufficient  to  afcertain,  that  the 
di6imnce  bttween  the  figures  arofe  from  rondsletivs  hav» 
ing  drawn  the  fcalcs  omitted  by  bkllonil's  :  yet  thr  authors 
who  wrote  immediately  after  vvilloughby,  and  particularly 
RAY  in  his  Synopfis,  follow  G£sn£RUS»  in  maintaining  two 
di6»rent  fpecies  of  cirrats  OphUia^  one  with,  the  other  with* 
out,  fpots. 

ARTBDi  did  not  take  notice  of  the  fpots ;  he  defcribes  the 

fi(h  in  a  genus  to  which  he  gives  the  name  of  Ophidio?!,  and 
places  that  genus  among  die  MalacopterygiL  After  him  ki.ei- 
Mius  once  more  took  notice  of  the  fpots  ;  but  at  the  fame 
time  introduced  another  confiifiiMi  concerning  this  fifh,  ariiing 
firom  xoKDBLSTrvs  having  iaid,  that  it  has  two  cirri,  while 
WII.LOVOHBT  aflerts  it  has  four ;  but  it  is  eafy  to  reconcile 
thefe  authors,  for  though  thtOpbidium  has  only  two  cirri,  yet 
each  of  thefe  being  divided  in  two,  they  appear  as  four ;  ib 
that  wiLLQUGHBT  might  jufUy  fay,  ths^t  it  is  quadri-cirratus. 
Th^  fame  author  places  thf  Opbidium  in^.g^ua  which  he  calls 
Vol*  LXXL  M  m  m  Encbelyopus^ 
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EnciftlyopuSf  which  is  Indeed  not  a  good  family,  fince  it  com- 
prehends the  genera  of  Gymnotus^  Anarrbidfas^  Cef^^  BUnr- 

LiNNE  in  his  defcription  of  the  Ophtdittm  Barbafum  fays, 
that  its  whole  body  is  covered  with  oblong  fpots,  without  any 
regular  dire<fllon.  Dr.  gouan,  in  his  defcription  ot  the  genus 
of  the  Opbidium^  does  not  mention  the  fcales ;  but  gms  tke 
fpots  as  a  generic  charadter.  The  laft  author  who  has 
tioned  thefe  fpots,  and  given  a  delcrtptioft  of  this  fifh,  is  Mi^ 
BRUN NICHE  in  hIs  Ichthyologia  Maffiltenfiit. 

Having  adduced  the  various  opinions  of  the  writers  on  tncOphi^ 
4r//«inyaud  endeavoured  to  reconcile  their  fentlments,  we  now  pro- 
ceed to  give  the  deicriptbaof  thisiiih,  which  is  fb  very  remarkable 
for  its  Angularities.  The  genus  of  Ofbidmm  has  the  following 
principal  chara^rs,  Vfz,  the  body  long ;  the  fins  ef  the  bade, 
tail,  and  anus,  confounded  in  one;  no  fin  on  the  under  part  of 
the  bodv  ;  and  tlie  eyes  covered  by  the  common  Ikin.  There 
are  beiides  many  other  characters  which  it  is  needlefs  to  obferr& 
.here»  fmce  I  intend  not  to  defcribe  all  the  ipecies-of  thegeous* 
but  only  to  mentioii  them.  The  firft  fpecies  (which  is  the 
fpecies  of  which  we  are  treating)^  is  diflihguifhed  by  its  cirri. 
The  fecond  differs  from  the  former  not  only  by  tlie  abl'ena  of 
the  cirri,  but  alfb  by  many  other  marks,  artedi,  in  his. 
account  of  this  fpecies,  has  adopted"  the  fynonymy  of  schon*- 
v£LDE,  who  defcribes  a  fifh  under  the  name  of  Opindm  im* 
herhe  fmum ;  but  thi»  fifli,  which  is  the  Bkmuus  gumuBtu 
LIKH.  is  certainly  very  difierent  from  the  Opbtdhn  mMe^ 
LINN,  the  rays  of  its  clorfal  fin  being  prickly  ^  which  circum- 
ilance  perhaps  iiKiuced  linns  to  place  the  Opbidlum  among 
the  Acanthoffieryg'ii  in  the  firil  editions  of  his  Syilemay  in- which 
he  kHlkn^i^nt  dUffifintioft  of  iiKTBDi.  Perhaps,  for  the 
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iame  reaibn,  that  autHor  has  placed  anong  the  Juguhres  in  his 
Fauna  Sueeiea^  the  fpecies  of  which  we  are  now  fpeaking. 
This  fi(h  is  alfb  very  different  from  the  Sea  fnaii  defcribed  by 
WILLOUGHBY  aud  PETIVER,  which  is  the  Cychplerus  Upparis 
LINN,  thongh  the  fynonymy  of  petiver  has  been  accepted 
by  GRo^ovius  as  beiiig  tlie  Ophidium  imberbe 

LiKNE,  in  the  tenth  edition  of  his  Syflema,  mentions  a  third 
ipecies  of  OfSuUttm^  which  he  qalls  Macropbibabttumi  but  ^ 
afterwards  difcovered  that  this  fpecies  belonged  to  the  genus 
of  Cepola,  It  is  another  fpecies  of  this  genus  which  otho 
FABRicivs  has  lately  defcribed  in  his  Fauna  Grcenlandka,  under 
the  denoinination  of  Ophidium  viride.  There  are  two  other 
hihes,  of  which  gronovius  made  a  new  genus,  afliguing  to  it 
the  name  of  M^acemhUts^  which  comes  near  to  the  genus  of 
Optidumf  thou^  I  am  perfuaded  it  conditutes  a  different 
one  by  the  preience  of  the  aculei  011  the  back.  I  (hall  now 
proceed  to  give  a  delcription  of  that  ipecies  of  which  I  am 
particularly  treating,  vtbadi  I  have  written  in  Latin  for  the 
fake  of  pcrfpicuity.  . 

DESCRIPTIO 
O  P  H  I  D  I  i  B  A  R  B  A  T  I   l  i  k  n. 
B*  7«  D*  124.  P.  20.  V.  o.  A.  1 15.  C  —  ^ 

CAPUT  compreiTum,  fub-acutum,  nudum,  cute  conimuni 
laxe  te<ftum.  v 
RiShu  ampjus. 

MmdiMa  Jkpirimr  doplicatat  inferioRl  paiilo  ion* 
•gior. 

•  The'  fillr  ncntkncd  bf  Ifr.  mwAWT,  ia  the  Britifli  Zobfaffi  vm*  HL 
«|ipasd.p.  $46.iadcngrmdintbeiik9s«Maii>II*iiiitetbea»M«f  O^Ubim 
mhrh  uiim  li  •  ijpecki  «f  Mfurgftm* 

M  m  m  2  tM^t 
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» •  *!  .'IT  »•  •  'l,abia  cutacea,  tenuiiki icithpA tM&t  n.^--- 

Denies  in  utriufque  maxlllje  margl'ne,  \\\  aream  an- 
guftam  antice  latiulculam  difpofiti,  minuti,  acL>ti» 
conferti,  anteriores  paululum  majores. 
.        •,       Lingua  fubobtufa,  glabra,  'ivno/r/l 

Palatum  medio  glabrum,  anrtice  areis  tribus  denticu- 
'  t.  c^r:  lorum  exafperatum,  qiiarum  dua?  laterales  lineares, 
V,  I  ;        intermedia' fubrriangularis. 

-y  Fauces  fupernc  exalpeiatieduabus  areis  longitudinalibus 

Yi        denticulorumJ       oijjcjr  . 
>'!'...•  ,  Narium  foramina  iitrlnque  bina,  ante  oculos  po/ita, 
,v  ..vv  dilbntia;  fbramine  anteriore  miiibre,  pofteriorenudo. 
*  *  \VJ  QcuU  lupremi,  vicini,  magni,  cute  communi  teifli:  iris 
'  »^&«»tea;  pttpilta  luitk^n^. 

.i-^ij  Opercula  branchiarum  cute  communi  teda,  rotundata 
v.c«i^.U,.  polyphylla,  mollia. 

r:.^  i  ^:  Membrana  brancbioje^a,  cute  communi  -Jteaa,  radiis 
5;J":.  *  f^'  fubajqualibus-y  ■-•'•>^*.  f  d  ifl  ,/  - 

Branchicv  quaternae ;  tres  interiores  parte  concava  ge- 
runt  tubercula  alpera,  fcparata,  in  duas  feries  dlf- 
polita;  quarta  ceteris  lon^ior,  latere  Interno  gcrit 
tubercula  afpera,  externo  ra<^ios  uao  latere  Iseviter 
.   ferriitos.    :  i  .'/    .  •        .    .  .  '    ^  • 

:   .       prW  duo  ad  apiceip  maxitjae  inferiori^, , ,  bipartiti  * 
/^7c/«/tf  altera  longiore.  . 
Tubercu/um  (uh^cutv^m,  feu  apQphyfis'aflbil  teaa.  re- 
I    •    cumbens,  antc: oculos  in  frontc  poiita^,  n-v./: 
CORPUS.    ComprefTum,  verfus  caudam  attenu^tjUm. 
.     .     Lirwa  lauralis  fuprema,  Igpvis*  doffg  paral^a,  vitta 
.    -  /•  argentea  fubtus  oruata. ;  .  .  ... 

^       ^^'^'^obovata?,  teaae,  umb6natap,  'feii^«*.-/. 
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Finna  dorfalii  louga  *  anall  longior  fed  anguAior^ 
cum  caudaU  contuiuata,  bail  fordlde  albefcens,  mar-^ 
gioe  nigra  t  pua^ia  plurimis  nigris:  RuSi  fiin«> 
.plices*  ficsxiles,  moUes. 
P/wbr  ptSforaUs   obovatae,    pelluclda;,    ipembi  ana; 
pundlis  minutlfl'imis  irroram. 
'i  '     Pinna  anaiis  caudali  unita,  UUi  albelceias,  margia]:t 
nigra,  •radiisfimplicibiis.. 
- ^M«t<f  m<Ai//>uigra»  a^keobttiia.. 
■       C^iSsr  ca^ti%  et  corporis  csurndD-argenteo^'  . 
'      Lc.  t  A     85    35  Lc,  :  PI  ::  85  :  15 

'  "  Lc.  :  Df  ::  85  :  27    '  Lc.  :  PF  :\  85  :  22: 

^  *  Lc.  :  DFCi*  AF  ; :  85  :  8;    *  :   Lc.  :  Al :.:  ^5  ;  3^5 

R»  5*.'  P,  at,  .'D.  a.  3. 4.  5.  6.  A.  3. 4.  5. 6. 
\  BMfem  Ipcoceedf  T  fbiiik  it  UMefiaiy  to  explain*'  the  propdiw 
tfdnU  fiMafifres  VbidPl  employed  ih  theforegoing  defcription. 
Attt*Di  c?Giiiider6d  the  mcafuremeiit  of  fi(hes  as  luccflhry  ro> 
icudcr  the  ded-riptlon  of  them  perfcft ;  and  therefore  in  th^* 
fpccies  wbich  he  delcribed  moft  completely,  we  find,  he  did  not' 
fail-tO'ffiiprefsy  vAth  the  greateft-acottrtlcy^.  thediteiees  betweoM 
th^HMrili  parts.  ''Hg6  *htf»-  be6ii^ifiriUowe(l  in  4hb  by  the  UK* 
atttl^llfi  wHteen  'ii^ofi  l^ihes^  as  OHdNdvios  aDd"* 

PALLAS.  The  like  practice  has  been  followed  by  iomc  wiitcis, 
in  clefcribing animals  of  other  defies  ;  and  particularly  by  Mti: 
BAUftEirroN,.  who  has>  with  exttttefdinary  exa^nefs,  exprefied. 
th^^^Mliiifir^nic^tB  ^of  quadlr^  The  ufe  of  this  inca&m^ 
iiS6Hl^^hoiR^%r«  •  ca«i  -oi^  aic^irtam:  that  £aoh  iadv  ladiTidoali 
is^iaorget  ^  kft^^  wtother  d^enlied^by  an  tfuchor:.  for  it  id 
ifftpofiiWe  by  luch  means  to  determine  a  Ipccies,  and  theretbre- 
a  ^ngle  meafurement,  taken  from  the  head  to  the  tail,,  or  in. 

•  Pinii*  mQu  audit  longs,  cajin  ha&t  loagitodine  a^ccdU  radinin  altiorein, 

Ihorit 
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from  any  one  pr.rt  to  another,  would  anfwer  the  fame 
purpofe;  but  if  you  take  the  terms  of  the  meafures,  and 
compare  them  one  with  another,  or  ail  of  them  to  a  fingle 
one,  a  method  may  be  deduced  for  determining  the  fpecies,  and 
defcribing  each  with  accuracy,  and  that  is  the  me^bd  which 
I  iiied. 

There  is  iio  doubt  that  fifhes  have  a  reguLir  growth,  and  iixiX 
all  their  parts  have  a  proportional  increafc :  it  is  therefore  of 
no  coaiequeiice  whether  the  meafure  be  taken  from  an  old 
or  a  young  fubje&y  it  will  be  always  of  the  fame  ii(e  6r 
determining  the  fpecies.   The  term  to  which  I  refer  all  the 
reft,  is  taken  from  the  diftance  between  the  apex  of  the 
upper  jaw,  and  the  balls  of  the  fin  of  the  tail*    The  extremity 
of  the  upper  jaw  is  the  point  from  which  I  take  the  dil- 
taiice  to  all  the  other  parts.  To  determine  with  more  accucaqr 
the  junction  of  the  fin  to  the  tail,  I  incline  the  fin  ib  as  ID 
form  an  angle  with  the  tail ;  I  take  the  diftaoces  with  a  pair  of 
compaHes,  to  avoid  the  irregularities  of  the  fiiHace  of  the  body, 
which  are  infinitely  various.    When  I  have  taken  the  diitanoe 
with  the  compafles,  I  make  a  reference  to  a  rule,  which  is 
divided  in  £ngli(h  inches,  each  of  them  fub-divlded  in  tenths. 
To  exemplify  my  pradice  in  a  fifli  .of  the  fuppofed  heo^  o£ 
40  lines  6om  die  upper  jaw  to  the  tail»  and  from  the.  fine 
point  to  the  anus  of  20  lines,  I  fay,  that  the  diflance  from  the 
head  to  the  tail  compared  with  tlie  diftaiice  from  the  head  to 
the  anus  is  in  this  fpecies  as  40  to  20,  which  l  ej(pre(sia 
this  manner;   Lc,  :  A  ::  40  :  20,  which  I  thus  lechice^ 
Lc« :  A  ::  lO  :  5.  I  then,  take  the  length  60m  the  upper  jnr 
to  theb^gittiiingof  thedorfil^fin,  andtoitscad:  ne^GtAm 

*  I  metiasc  the  MSA  aad  aaalfim  at  tb«ir  tafii^  aevcr  iathcir  wg|a« 

r 
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the  fame  point  to  thebafis  of  the  pectoral,  to  its  extremity ;  anct 
tu  the  like  manner  for  the  ventral*  anal,  and  tail  fins ;  all 
which  meafures  i  refer  to  the  common  term  40.  Admitting 
^en  the  dorfal  fin  is  diibnt  from  the  upper  jaw  as  ten,  I  write 
as  before  LC  :  DI ::  40  :  so,  which  1  re^oe^  if  I  chufe  fb^ 

LrC.  :  DI     20  :  5. 

I  take  the  meafures  in  length  only,  and  never  in  breadth  or 
depth,  becau^s  fach  meafures^  on  many  accounts,  for  indance,  > 
horn  the  quantity  of  fpawn,  from  that  of  food  in  the 
ventricfe,  &c«  would  be  uncertain ;  befides  there  are  terms 
enough  afibrded  by  the  (ituatton  of  the  anus  and' the' fins; 
I  pay  no  regard  to  the  meafure  of  the  uoftrils,  of  the  eyes, 
&c.  as  ihefe  parts  lie  too  near  the  extremity  of  the  upper 
jaw  to  admit  of  ar  fufficient  accuracy  in  their  meafure.  All 
thefe  diftances  ate  written  in  the  (horteil  manner  poiiible ;  I 
therefiiie  db  not  go  into  the  inquiiy  what  dais  of  the  lik- 
KJtAK  fyftenv  the  fiih  defcribed  may  belong  to ;  or  whether 
the  anal  fin  is  before  or  behind  the  region  of  the  dorfal ;  whe* 
ther  the  pe£l:oral  are  extended  beyond  the  ventral ;  or  tlie  tail' 
is  forked  or  not ;  and'  many  other  particuhurs  which  could  not 
he  ezprefied  bu^  by  a  very  long  d^fcription,  tedious  both  to  the 
writer  and^  reader*  .  -  • 

To  make  an  application^  of  the  proportional  meafurements-, 
I  fuppofe  a  fifh,  of  a  fpecies  defcribed,  to  be  in  length  40  lines, 
and  from  the  upper  jaw  to  the  anus  10  •>  I  take  a  fpecimen 
which  I  fufpeft  to  be  of  the  fame  fpecies,  but  which  1  wifh  to 
determine  with  certaintjr :  the  length  of  it  is  oo  lines;  then  I 
fay  40  is  to  10  as  so  is  to.  another  term»  which  I  difcover  hy> 
multiplying  20  by  10,  and  dividing  the  produd  by  40,  which 
will  produce  5,  the  number  of  the  lines  comprehended  be- 
tween the  upper  jaw  and  the  anus,  if  the  fiih  be  of  the  fpecies 

it. 
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it  is  thought  to  be.  I  proceed  la  tKe  Hkj9  manner,  in  compar* 
\x\^  the  terms  of  the  meaiuRS  of  the  other  parts ;  but  the 
utihty  ot  tiiefe  meal'ures  is  very  apparent  in  the  dilluiguiihiMg 
of  the  Ipecies  of  Ibme  genera  which  are  fo  natural  as  that 
Cypnnus^  Oupea,  and  many  oth^«  of  which  the  fpedes  oou]d 
not  be  otherwiie  eafily  didiiiguiihed.  I  (hall  inftanc«  a  ipectet 
of  Perca  defcribed  in  the-Cwmnitaartt  Petr^poStmum^  the 
name  of  Perca  acerina^  by  Mr.  oueldenstaedt,  wiiich 
could  not  have  been  diftinguilhed  from  the  Perca  cernua  but 
by  the  proportional  meafures;  iince  the  Cernua  has  the  body 
abovt  three  times  longer  than  the  head>  whereas  the  Acerhm 
has  it  bat  twice  as  long,  though  by  the  other  charaflroB  tbcy 
are  almoft  indiftinguifliable. 

To  exprefs  the  pofition  of  the  fins  briefly,  and  with  all  po(^ 
fiblc  accuracy,  which,  however,  I  think  may  be  very  well  un« 
<)erilood  by  the  defcribed  meafures,  I  take  the  diftaoice  from 
the  upper  jaw  to  the  baiis  of  the  peroral  fin,  and  then  fee  into 
how  many  equal  parts  the  whole  body  may  be  ^vided,  and  ft> 
thcic  paits  I  apply  the  name  of  regions;  I  mcafure  them  m 
the  extremity  of  the  middle  of  the  fin  ot  the  tail,  aod  I 
exprefs  the  poiition  of  the  fins  as  follow :  D.  3.  4.  A.  3.  V.  2. 
P«  a.  the  letters  being  the  initials  of  the  fins,,  and  the  numbeis 
of  the  re^onsy  the  firft  bebg  ftom  the  head  to  the  pedoral 
fin*. 

The  fcalcs  of  the  Op/jiJittm,  which  have  been  figurai  by 
aoND£LETius,  but  Overlooked  by  many  other  writers,  have 

*  I  beg  pardon  for  the  digreflion  ;  but  I  thought  it  would  not  be  improper  in 
tfait  place  toobferre,  that  the  utility  of  this  method  of  mcnfurcmcnt  will  3pp>ear 
Mt  only  ia  difiingmlhing  fifhes,  but  alio  aoimals  of  other  clalTes,  and  particu- 
larly fiutkea,  which  Mnnot  be  well  decemuoed  otherwire.  BcHdes,  I  do  no(^ 
Icaew  9ny  anchor  00  futgcAs  of  oatwal  Ufloiy,  who  ha«  adopted  that  method. 

7  been 


Digitized  by  Gopgle 


itfir  Ophidium  barbatott.  V  44^ 

been  mentioned  by  willoughby,  but  without  any  particular 
^efcription.  They  are  very  different  from  thofe  on  the  (kin  of 
the  Opbidmm  imberbe^  which  are  ihortiy  deicrtbedi  by  gromo* 
vm.  Their  pofition,  aa  may  be  leen  sa  the  fignie,  is  ifmr* 
gulan  Tbejr  are  difperfed  over  tht  whole  body. .;  Their  fbrm 
is  (bmetimes  rotind,  fometimes  nearly  6v*l.  *  They^re-larger 
near  the  head,  and  in  the  lower  part  of  the  body  ;  but  arc.hai'dly 
to  he  diftinguilhcd  near  the  tail.  They  adhere  to  the  body  by 
means  of  a  particular  tranfparent  ikin,  which- is  in  general 

^vcfy  thin,  bat  ibmewhat  thicker  near  the  nedc,  •  and  extehded 
loofely  over  the  whole  head :  this  fkin  is-very'eafily  deftroyed» 
alber i^ich  the  (bales  ftHing,  the  b<vdy  appears  fpotted  (iig  i.). 
Thefe  fcales  are  of  the  fame  fort  as  thofe  that  leeuwenikjkk 

'  has  dcfcfibed  on  the  eel,  like  thofe  I  have  feen  on  the  Jlnarrbi-^ 
tbas  htfusy  the  Blennius  vhifants,  and  many  other  6(hes,.wludi 
are  commonly  thought  to  be  without  fcales.  When  you  look  at 

'them'with  the  naked- eye  (fig.  z.)  they  appear  as  covered  with 
very  fmall  grains;  but  viewed  through  a  microfcope  (fig.  3.) 
the  middle  of  them  appears  more  elevated  than  the  margin  ;  aud 
from  the  center  ta  the  margin,  clofe  by  each  otiier,  there  are 

'  many  fines  or  rays,  fbimed  by  fmall  fcal^  -  placed  onfe  Upon 

-another,  like  tiles  npoo  a  moft  the  fuperior  beiug always  the 
nearer  to  the  center.  Thi»  (brt  of  Ccales,  which  may  be  called 
umbonat^e^  arc  faflened  to  the  body  by  very  fmall  veflTels  which 
are  infcrtcd  in  their  middle  ;  they  are  to  be  feen  on  the  body 
only,  not  on  the  head  nor  thefins. 

-  1  (hall  now  proc^  to  the  anatomy  of  this  fiih,  which 
certainly  comprehends  ibme  veny  remarkable  circumfbnoei, 
whk:hv  I  believe,  have  not  yet  beeii  obfcrved  in  any  ofihe^ 

fpecies.  When  we  have  drawn  otf  the  Ikin  there  appears  a  thin 
membrane  of  a  (ilver  colour,  which  covers  .the  muii:le&.  The 
VoL,LXXl^   '        ...Nttft  .     M  muicka 
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Vlttfeks-betug  itDMved,  tT^find  th^jperitoneuitii.which  Ikes  tfas 
^fbdoflftm^  o«v%t  Md  »  ^fae]tm'to<hefwiiiil|ibg4ladd^ 
-^iMi^ioY^gaiioMs;  k'h  oftk^vcr  hue, -With^beieVtftyiaiiU 
-bhtfck  points.  Hie  Ten  trick  is  not  to  be  diftinguifhed  from  tk 
'intcfllncs  by  any  crfher  mark  but  by  its  Irz^c  :  its  form  is  ob- 
loflg ;  it  is  extended  almoft  to  the  anus,  from  whence  the 
inteftinal  du(5l  has  a  retrograde  courfcy  and  then  jjcTcc^ 
again,  having  a  iitde  dilatation  near  the  anus.  On  cheTrrtdKi^ 
'next  the  aifns  on  the  outfide  of  the  peritoneum  is  -a  kind  «f 
cavity  of  an  oblong  form,  containing  a  reddifli  vifcus,  "Wriiiidi  l. 
take  to  be  tbe  kidney. 

The  firll  vertebra  from  the  head  haS  nothing  very  rcinarkabk 
«in  ita  ilrudure.   The  iecond  has  on  each  fide  an  do^gUMiiBd 
,ihaip  apopfayfi8,tD  th«  apex  of  :Which'i$.apiies^  a  fosaiX  lig>- 
ment.   The  thbd  h  very  flat,  and  has on^each  iide  a  Jdnd^f 
triangular  and  lharp  apophyfis,  to  whicii  adheres  a  ligament  as 
to  the  fecond.    The  fourth  is  remarkable  in  having  a  fiiafp. 
apofsixytB  on  each  'iide,  articulated  wilii^  the  bodyx  of  the 
'^N^bra^  4Bid.tnider'cach«f  tburn^  iaattotliAr  wrticitlaixd  ap^. 
phyfis  ^flAtifti^  iSiicki  hnmdiih     ^ts  extrwudes,  -and  fedtti 
tft  its  Mis  (fig.  5.).   ^  fiftb,  •tvlHch  is  iboi^gly  adfaemt 
to  <the  fonner,  has  in  its  middle  a  bifid  procefs.    The  fixth 
has  m  its  mzd^e  a  fiattiHi  elevation,  iharp  on  each  iide. 
)9eeW6eo  the  rirtniuiity  of  the  larger  ap^^yfis  of  the  fourth 
'*Miiikm^  4b  ai»onB»  or  father  a  hard  tartikipv  ^ich  bearsthe 
figure  of  a  kidney  (fig.  6.)  its  coAvexity  being  turned  towards 
the  body  of  the  vertebra  :  its  pofition  is  parallel  to  the  bodies  of 
'the  vert<*bfie5  its  motimi  is  half  circular;  one  of  its  pajts, 
tJiK,  the  >loweil,  being  in  thc'cavit^  of  the  fwimming  bladder, 
'lie  M^ikh  It  adfaenfe  by  ii  tbia  > mwabiWt  «ib-4iiat no  air  can 
^dapeVttltttipsEt.  itis  dofidvod %iluoUaaes,-vwh]ch adboe 
^ClM^jly  to  its  niiddle»  bk  ihk  part  are  faflen^^^  - two  liga- 
ments 
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iiMiit»  ol^^th^  apophyHfi^  c(f  ^  £6oowBi  gnd  thifd  yertebne^  oL' 
which  we  fpoke  bc^e^  and  which  are  of  a  grea^tetiuity.    in:  ; 

tiiu  fame  point  are  feftoncd  alfb  tHvo.  ligaments  each. of  ulilch  . 
belongs  to  an  oblong  muicle  parallel  to  ^ach  other,  an*!  fixed;* 
to  the  boa«s  of  the  loweO^  and.  poilelior  jmrc  o£  the  head  (tig: 
4.).      •  ' 

All  this  apparatus  U  certainly  fubiei:?tc»t  to  the  pu  j^ofe  of . 
fwlmming,  1  luppofe,  by  the  cavity  of  the  bladder  being  made 
larger  or  lefa  by  the  motions  of  the  cartllagineous  bone;  but  it  is? 
very  remarkable,  that  if  thefe  parts  arenecefiary  to  fomc  aiiimal 
fun^ion,  they  fhould  not  be  found  in  all  the  individuals  ^  for  1 
have  feen  two,  .of  which  the  vertebrae  were  not  different  from 
the  vertebras  of  the  other  fpecies :  whtcn  difference  depends* 
perhaps,  on  the  difference  of  fex.  I  am  inclined  to  believe  ib  ; 
but  the  generation  in  this  fifh  .feems  tD  be  no  lefs  myfterious 
than  that  of  the  cei ;  1  could  never  diilinguilh  a  male  from  a 
female  in  this  ipedes.  I  do  not  knowv  if  the-  other  fpecies  of* 
Ofbidium  have  the  lafiie  ftru€fcuxe ;  I  cqnld  not  perceive  it  in 
ibme  fpecimens  of  Maflacembebu*  VfihhfU^Wf:  tnentions  that 
fingular  ftrudhire,  but  without  any  particular  defcription. 

This  fifli  commonly  grows  to  the  fize  of  eight  or  nine 
inches.  It  is  to  be  found  in  all  the  Mediterranean  Sea,  and 
in  great  plenty  in  the  Adriatic*  It  is  taken  by  hets  in  Provence 
and  Langoedoc,  together  with  many  other  fmall  fpecies,  which 
are  not  efteemed,  that  is,  what  they  call  RavaiUS^  It  is  ofbn 
confounded  with  the  Opoia  by  the  fifliermcn,  though  they  hav« 
different  names  for  each  fpecies.  In  Languedoc  the  Of/jitiium  is 
called  Donzeiiaf  and  the  CefoJa^  Jiamma.  In  Provence  the  for- 
mer has  the  name  of  Corrudgido^  and  the  latter  that  of  Rougtolla^ 
But  the  nanae  of  DmselUl^  veiy  common  on  all  the  ooaft  of  the 
Mediterranean,  is  alfb  applied  to  the  Cepola^  and  the  S^mvi  julti 

Nana  Unn. 


-  brqussonet's  Account  of.  Sec. 

1-1 NN.  which,  however,  is  commonly  caWtd  girel/a.  In  fum- 
mcr  the  ophidium  is  more  common :  its  flcHi  is  not  of  a  good  tafte, 
rather  coarfc,  as  that  of  all  the  fpecies  of  fifties,  which  hav- 
ing no  ventral  fins,  are  obliged  to  make  great  efforts  io  fwira- 
ming,  and  have  confequently  the  mulcles  harder.  The  want 
of  ventral  fins  induces  me  to  hclicve,  that  it  is  not  a  migratory 
Ipecics.    It  feeds  upon  fmail  crabs  and  fiihes. 
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XXnr.  further  Account  oj  the  Vfifulnefs  ef  wajh'mg  th 
'  ''Stems  of  Trees.    By  Mr.  Robert  Mariham,  of  ^tratton. 


Retd  May  ^t,  1781. 

'    ;  ...  , 

♦    ■       •  >  : 

T HE ^foliowmg  account  is  a  kind  of  poftfcnpt  to  mr* 
letter  to  Dr.  Md^s,  Lord  Bt(hop  of  Bath  and  Weils,  in 
17^5,  which  the'Royai  Sodety  did*  toe  the  honour  to  publiih 
in  the  Pkilofophlcal  Tranl^^na  in  i  uj.  In  that  I  ihewed 
how  much  a  Beech  5ncriea(ed  upon  its  ftem  being  cleaned  and 
wnflSed  * ;  and  in  this  1  Ihali  ihew,  that  the  benefit  of  cleaning 
the  llcm  continues  feveral  years  :  for  the  Beech  which  I  wafhed 
in  1775  has  increafcd  in.  the  five  years  fince  the  waihing  eight 
inches  and  fix-tenths,  or  above  an  inch  and  feven-tenths  yearly; 
and  the  aggregate  of  nine  unwalhed  Beeches  of  the  fame  age' 
does  not  amount  to  one  inch  and  three-tenths  yearly  to  each 
tree.  Iii  r776  I  waflied  another  Beedi  (of  the  fame  age,  vk, 
iced  In  I  741)  ;  an  J  the  increafe  in  four  years  fince  the  wafhing 
is  nine  inches  and  two-tenths,  or  two  inches  and  three-tenths 
yearly,  when  the  aggregate  of  nine  unwaflied  Beeches  amounted- 
to  but  one  inch  and  three-tenths  and  a  half.  In  1776  I  waHied 
an  Oak  which  I  planted  in  1720,  ^ich  has  increafed  inthe 
four  years  finoe  waihing  feven  inches  and  two-tenths,  and  thk 

*  Vide  Phil.  Tranf.  vol*  LXVU.  fbi  the  year  I777».pvt  L  pi  12. 

5  aggre- 


'4^0         ^^f*  MAR  sham's  further  Jlc  count  of  th€ 
-aggregate- of  thtee  Oaks  planted  the  fame  year  (viz.  all  I  mea- 
'futed)  amounted  to  but  one  inch  fjftxsXj  to  each  tree.   In  1 779 
.  J  waihed  another  Beech  of  fthe  iome  age,  and  the  incretfe  in 

'    .r;fio  v/iis  three^inchcs,  when  tlie  aggfi-wgatc  uf  utieen  unwafhcd 
beeches  was  i\ot  full  txttq©*;  M)ch^  ^n^^x-tuitlis,  01  ifot  one 

'    inch  and  half  a  tenth  to  each  tree ;  yet  mod  of  thefff  tieet 
gcew  'on  better  land  than  that  which  vraa  waOied*  But  I  appze> 
hend  the  whole  of  the  extraordmaiy  iacreafe  in  the  two  iaft 
experiments  fhould  not  be  attributed  towaflung:  for  in  the 
autumn  of  1778  I  had  gregij(  |>pnd-mutl  Ipread  round  fome 
favourite  trees,  as  far  as  I  fuppofcd  their  roota  extended,  and 
.although,  fomo'pnees  did  not  Oiqw  to       received  any  bcoefi^ 
from  the  mud««  yet  others  did»  that     a|i  Qal^^c^eai^  half  in 
inch»  and  a^Beechr  tbtee^teatlia^  above  th^i^ -ordinary  ^rawtln 
Now  though  the  Beech  gained  but  three-tenths,  yet,,  perhaps, 
that  may  not  be  enough  to  allow  for  the  niud  ;  for  the  lummer 
<Qf  .177^  was. the  moil  uugenial  to  th»  growth  of  trees  of  any 
iince  I  have  meafured  thenv  ^om&  nolr  g#aMHi|g  half,  tb^  onli* 
iiary  gcowlh,  and  the  agjg^reg^te  ftncieale  -of  all  the  W¥r!i(he4 
and  tinmudded  trees  that  I-meafured  (ninety-three  in  number  of 
V.UIUU0  km^s)  was  in  1779  bur  lix  fccf  hye  inches  and  feven 
tenths,  or  feventy-feven  inches^aiiii  iiiVQu-t^ths,  "ivhich  gi^'c^ 
but  eight-tenths. and  about  one- third  to  e^^h  tree;  when 
in  i77«      very  dry  ^^l|m|er  in.  fttoFfc^)  *fly.  wcmafed 
ieyea  feet  ai^  nine-tenth9»  or.  near  eightyrfive  inches,  which 
gives  above  nine-tenths  to  each  tree.:  an4  this  fuovner  of 
1780  being  alio  very  dry,    vet  the  aggregate  increale  was 
aboj^c  half  au  inch  more  thaA..iA  X7jf^.  Sue  iho.  bdl.  ii^r 
cneaiie  of  tWe  three  yeaisi*  low,,  as  thm      hut  -tweniy  oC 
the  ninety«>three  trees  that  were  not  planted  by  me,  and 
S^er  incieaie  is  mibnably  expeded  in  young  tbm  old  trees  s 
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m(fit!n(fs  gf.  wafiung  4bt  Sttm  of  Trees,         45 1 : 
.yet  I  have  an  Oak  bow  tfnro  hundred  years  .old*  (1780)  which 

is  fixtccu  feet  and  five  inches  iu  circumference,  or  pne  hundrejj 
and  ninety- fevcn  inches  in  two  hundred  years.    "But  this  Oak 
€im(iQt.  j)£operi/  b^.  called  old«    The  annual  iocreaie  of  very 
,  ald:tiiees     haJrd]|^  meoiurabk  with  a  ilring^,aS;.the'flig^teft 
chaqg^  of.  the  air.-wiU  afl%€tr  th^  ftring  moce  than '.a  year's. 
^owtht  The  la  rgeft  trees  that  1  have'mes^orcd  are  fb  farirom . 
-Hie,  that  I  liavfi  hrid  iiu  opportunity  of  mcafuiiiig  them  ,  a  fe-- 
cond  ti^ne,  except  the  Oak  near,  the  honourable  Mr.  legge*s. 
l«odge  in  HoU  Foreft,  which  does  not  fhow  to  be  hollow.  In, 
l,fimdit.was  at  ievea/eet  (fpr  a  iarge  fwelliog rendered: 
i|;-uniair  tQ  m^ure  at  five  oc  iix  £bet)  ^a  trifle,  above  thirtjrfbnr 
In  circumference,  and  in         L  found  it  had  not  increafed . 
above  half  an  inch  in  nineteen  years.    This  more  entire  remain; 
of : longevity,  merits  fpme  regard  from. the  lovers  of  trees, , as. 
Well.fl^  thfi.  hoUpw  09k  atCowthotp  in  Yorkfhirey .  which  ,Dr. . 
evKTSii. gives  an.acco«nt  .o£.ia..his  edition  o£t  SVELYN*jtf  Silva» 
^ j  «ai]s#t  ^kcty-^eight'  ieet  round  atthiee  feet* .  'I:did  not  mea-  > 
ftire  it  fo  low;,  but  in  I768^^  found  it  at  .-four  feet,-  ibrty  feet- 
«nd  fix  inches ;  •  and  at  five  feet,  thirty-fix  feet : and  fix  inches ; 
ajid  at  fix ,  feet^  thirty-two  feet  and  one  inch.    Now, ,  although  ^  , 
t)ii8X>ak:i8  igrger  near.  t}^  earth  than  that  in  Hampfhire,  yet  at 
dpaaiiiUhcs jauch-naoce  fudd(Snly.in  ^at^^viz,  eight  ftet.and  five j 
inches  in  two  &et,of^height  (I  reekon  hy  ray  own  raeailires-as . 
I  took  {>ains  to  be  cxaCl).    Suppofe  the  diminution  continues  , 
about -this  ratC'(for  I  did  not  meafure  fo  high)  then  at  fcven  feet  it 
^iU^iQ^klfouttweiv^yoqight  ^eetia  circumferencey  and  the  bottom  1 

•  I  cannot  miftake  in  'ftic  ngc  "oT  this-Oak,  r,s  I  have  tlie  dc^-d  betsrcen  my 
ahcfeffor  ROBERT  w  ARsHAM  and  the  Cap)'hold  Tenrints  of  his  Matior  of  Stmtton, 
viated  Max<iQ,  1560,  )|^»4tii^  tMafiil^idtfu^iww  9i  im^  Wttflei  ;|o^-^^  abuttal . 


fourteen. 
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fourteen  feet  contain  £x  hundred  and  e*ighty-iix  feet  found  of 

buyers  meafure,  or  feventeen  ton  and  fix  feet;  and  fourteen 
feet  length  of  the  liamplhire  Oak  is  one  thoufand  and  feven 
feet,  or  twenty-five  ton  and  feven  feet,  that  is,  three  hun- 
dred and  twenty-one  feet  more  than  the  Yorkfiitre  Oak,  though 
that  is  Tuppofed  by  many  people  the  greateft  Oak  in  England. 

I  am  unwilling  to  conclude  this  account  of  wafhing  the 
flcms  of  trees  without  obferving,  that  all  the  ingredient?  of 
^vegetation  united,  wliich  are  received  from  the  roots,  ftem, 
^branches,  and  leaves  of  a  moffy  anddirt\-  tree,  do  not  produce 
.half  the  increafe  that  another  gains  whofeftem  is  clean  to  the 
.Ixead  only^  and  that  not  ten  feet  in  height.  Is  it  not  dear  that 
:this  greater  fhare  of  nourifhment  cannbt'come  from  rain  ?  for 
the  dirty  ftem  will  retain  the  moifture  longer  than  when  clean, 
.and  the  nourifhmeut  drawn  from  the  roots,  and  imbibed  by 
:the  branches  and  leaves,  mud  be  the  fame  to  both  trees.  Then 
■muil  not  the,  great  fhare  of  vegetative  ingredients  be  convgred 
in  dew  I  May  liot  the  mofs  and  dirt  abfbrb  the  finefl  parts  of' 
the  dew?  'and  may  they  not  ad  as  a  kind  of  fcreen,  and  de- 
prive the  tree. of  that  fhare  of  air  and  fun  which  it  requires } 
To  develope  this  myflerious  operation  of  nature  would  bean 
honor  to  the  moft  ingenious,  and  the  plain  h€i  may  affivd 
pleafuce'  to  the  owners  of  young  trees ;  for  if  dieir  giomh 
may  be  increafed  by  cleaning  their  ftems  once  in  five  or  fix 
years  (and  perhaps  they  will  not  require  it  fb  often)  if  the  in- 
creafe is  but  half  an  inch  yearly  above  the  ordinary  growth, 
it  will  greatly  over-pay  for  the  tiouble,  befides  the  pleafure  of 
ieeing  fhe  tree  more  flourifhing.  Although  the  extra  increafe 
of  my  firfli.waflMdBeech  was  but  fbupteuths  of  an  inch*  the 
"fecond  was  nine-tenths  and  a  hal4  and  the  third  near  two 
inches,  fo  the  aggregate  extra  increafe  is  above  one  iixcb  and 

OOfi- 
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one  tenth  yearly ;  and  the  increafe  of  the  oak  is  eight- tenths. 
But  calling  it  oaly  half  an  inch,  then  fix  years  will  prodiioe 
above  five  cubic  fiset  of  timber,  as  the  oak  is  ^ght  feet  tquod* 
and  above  twenty  feet  long,  and  fix  pence  will  pay  for  the  w 

wafhing,  fo  there  remains  nine  (hillings  and  iix  pence  clear 
gain  in  fix  years. 

Stntion, 

oeu  29, 1780. 
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XXX.  Hlnfs  refattng  to  the  Ufi  vhicb  may  he  mde  of  the  Ta- 
bles of  natural  and  logarithmic  Sines^  TangentSy  kc,  m  the 

numerical  RefoJutioft  of  adfccUd  Equations.  By  William 
Wales,  F.  R.  S.  and  Mafter  of  the  Roya/  Mathematical  Sdwl 
in  Chrift- 8  HofpitaL 

Kcaci  juiic  14,  I78i# 

THE  iirft  intimation  that  I  can  meet  with  relating  Co  the 
life  which  may  be  made  of  the  tables  of  fines,  tangents, 

and  fecants,  in  refolving  adfeftcd  equations,  is  in  the  latter  part 
of  the  kcond  volume  of  Pi^jfeflTor  sAUNDERsoN's  Elements  of 
Algebra,  printed^  in  17 41,  after  hi§  dectsafe.    The  profeffor 
there  ihews  hoiy  to  r^lve  thoie  two  <:afes  which  make  the 
firft  and  fecon4  of,  the  :fi)llowing  examples,  by  means  of  the 
tables ;  but  it  appeats,  iiom  many  clrcumlftances,  he  was  not 
aware  thnt  the  third  cafe  could  be  reiulvcd  "ui  the  fame  maimer. 
^    All  the  three  forms  wcix:,  however,  refolved  by  the  late  Mr. 
ANTHONY  TiiACKER,  a  Very  ingenious  man,  who  died  in  the 
beginning  of  the  year  1744*  by  the  help  of  a  fet  of  tahics^  of 
his  own  invention ;  dtilerent  from,  but  in  ibme  meafure  ana* 
Ic^QS  to,  the  tables  of  fines  and  tangents.   Thefe  tables  were 
£niflied  and  publiflicd,  together  with  feveral  papers  concerning 
them,  after  his  death,  by  a  Mr.  brown  of  Cieobury.  lu  thel'c 
papers,  befide  explaining  fully  the  ufe  of  the  tables  in  revolving 
cubic  equations,  Mr.  thacker  ihews  that  his  method  compre- 
hends die  reiblutton  of  all  biquadratic  e^uatiooSy  if  thc^r  be 
a  "  'fail 
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jrft  reduced  to  cubic  ones  in  the  jx»nner:whidi  has  been  ex- 
filamed  by.  djsscartksc  luod  .other$>\  sui^  che<iiccQ«l  tecoa  then 

Since  that  time  M.  MAUDUIT  has  (hewn  liow  tb  find  the 
roots  of  all  the  three  forms  of  cubic  equations,  by  means  of 
tbe  tables  afctftnes,  &c.  iii  his  exceilsnt-Trcatiie  of  Trigoiio- 
metiy.  iSut  iMme  of  ih&ip  nuthors  hwc  attempted  to  xdoLve 
l^uations  <of  .iDore  .diiQADfioios  than  three,  bj  jtheie  meaii8» 
«irithout  6if(b  reducing  them  to  thatraumber;  ndr  .eiiea.  thetfev 
before  the  iccond  term,  or  that  which  involves  the  fquarc  of 
the  unknown  quantity,  is  taken  away :  whereas  fuch  xeduc- 
tions  will  generally  take  up  more  tinie  than  is  required  to  bring 
Qut  the  jyidite:o£  the.uolwowii  quaatiQr  by  the  fbllosving  n^e? 
thod  ;  afui»'>ifter  all,  frequently  &ive  uo  other  putpoie  but 
that  of  feUdtfing  the  operation  mote  intricate  and  troubleiome. 

The  truly  ingenious  Mr.  landen,  in  his  lucubrations, 
publiflied  in  1755,  has  given  a  general  method  of  refolving 
that  cafe  of  cubic  eqiUtions,  by  means  of  the  tables  ot  lines, 
where  ^/the  roots  9sc  teal,  without  ,  the  trouble  of  taking 
away  the  &Gond  term  of  the  equation :  and  Mr,  ^impbon  hsLi 
Ihewn  how  to  reiblve  equations  of  any  dimenfioris,  bythe/ame 
means,  provided  iliofe  equations  involve  only  the  odd  powers  of 
the  unkaown  quantity,, and  that  the  co-efficients  oblcrvc  fuch 
a  law  as^ilirrcftriun  the  equation  to  that.forni  which  is  esprel- 
five;Qf  the /;ci6ne;qf  the.  multiple  of  an*arc,  of  whici\  the  unr 
Known  <j^antity  i«  theJX)fwie,.  This  was'firft  done^  X  !?elieve, 
by  JOHN  BERirouDi,!,  aud  aftcfwards  by  Mr.  j»Cf.Ea,.in  his 
Iniroduct,  ad  Analyt,  Infinil,  and  Mr.  ©e  MoivkE,  In  his  M'/- 
cell.  j1nMytii^\>\it  the  rcfolution  of  all  cquatit^ns  of  this  form, 
aa  w€kH.,as;mnny  otker»,  js. coniptfihciM^d. ju,iUc  ftrft  pf  thp 
fi>Uo>v49g  obfervations* . 

'  "  '      . ,  O  o  o  2*  The 
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TIi€  firft  thougfit  of  extending  the  ufe  of  the  tables  of  lines, 
tangentSr  and  lecaats,  farther  than  to  the  cafes  which  have 
been  already  mentioned,  occurred  to  me  while  1  wasconfidering 
-the  problem  which  produced  the  equatioci  ^v«ti  in  this  "paperas 
the  fourth  example.  And  it  is  remarkable,  that  the  very  fame 
thought  occurred  to  Dr.  hut  ton  about  the  fame  time,  and  in 
the  refolution  of  the  fame  problem ;  and  we  were  not  a  little 
Itirprizedy  on  comparing  our  folutions  together,  to  find  that 
our  ideas  had  taken  fo  exadly  the ^une  turn;  and  that  both 
ihould  have  fhtmbleddn  a  thooghty-  ivfaich,  as  £v  a»  either  of 
lis  knew,  had  never  preiented  itielf  to  any  one  before.  Hiv- 
ing  fmcc  examined  farther  into  the  matter,  I  have  the  farisfac- 
tion  to  find,  that  the  principle  is  very  extenfive,  and  that  a  great 
number  of  equations,  efpeciatly  fuch  a&  nrife  in  the  pradice  of 
geometry,  aftronomy,  and  optics,  may  be  refolved  by  it  with 
gr(»at  eafe  and  expedition.  •  > 

fiut  beiide -the facility  with  which  the  value  of  the  unknown 
quantity  is  brought  out  by  means  of  the  tables  of  fmes,  tan- 
gents, and  fecauts,  this  method  of  refolution  has  another  coo- 
iiderable  advantage  over  mod  others  which  have  been  propofed, 
inafmuch  as  the  hrftibte  of  the  equation,  without  any  pitvious 
redud^ion,  is  generally  the  heft  it  can  be  in  fi»r  resolution ;  and 
from  which  it  may  moft  readily  be  difcofvered,  how  to  {c^^zmc 
it  into  fuch  parts  as  cxprefs  the  fine,  or  the  tangent,  or  the 
lecant  of  the  arc  of  a  circle  ;  or  into  the  fine,  tangent,  or  fc- 
cant  of  ibme  multiple  of  that  arc,  or  of  a  part  of  it;  and  in 
the  doing  of  which  coniiAs  the  principal  part  of  the  bnfinels  in 
qucftion*   It  will  alio  be*  of  (bme  advantage  to  preiferve  the 
original  fub(Htutions  as  dilHn^^  as  poflible,  by  ufing  only  the 
figns  of  the  feveral  operations  which  it  may  be  neceilacy  to  go 
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through  in  bnz^ging  the  folution  of  a  problem  to  an  equatioiiy 
inAead  of  performing  the  operations  themielves. 

Befides  the  advantages  which  this  method  of  procedure 
alBrds  to  the  mode  of  reibltition  now  more  particularly  under 
coiifidcration,  it  has  lb  many  others  over  that  which  is  com- 
monly made  ufe  of,  that  I  am  much  furprized  the  latter  (hould 
ever  have  been  adopted.  By  preferving  thus  the  original  fub^ 
iUtutions  diitin£t9  all  ,the  way  dirough.  an  operatbn,  every 
expreflion,  even  to  the  final  equation^  will  eihibit  the  whole 
procels  up  to  that  ftep ;  and  it  will  appear  as  clearly,  how  every 
expreffion  has  been  derived,  as  it  does  hi  that  mode  of  analvlls 
which  was  ufed  by  the  ancient  geometricians  :  whereas,  whe^ 
theieveral  original  expreflions  are  melted  down  into  one  mafs  by 
the  multitude  of  a^ual  additions,  fubtra^ions,  multipitcatbnSy 
and  divifions,  which  they  generally  undergo*  in  a  long  ige* 
bralcal  procefs,  condu^bed  in  the  ufual  manner,  it  is  impoflible 
to  trace  the  fmall-fl:  veftige  of  the  original  quantities  in  the 
final  equation,  except  fuch  as  are  reprefented  by  a  fmglc  letter. . 
Of  courfe,  however  obvious  the  fcveral  fleps  might  be  at  the 
tune  when  they  were  takeUi^  every  idea  of  them  mnft  be  totally 
loft  in  the  refalt;  and  it  will  be  utterly  impoiSble  to  trace 
them  back  again,  in  the  manner  they  are  done  in  the  compod- 
tlon  of  a  problem,  r!ie  folution  of  which  has  been  inveftigated 
by  the  geometrical  anaiyfis*.   Let  me  add,  that  it  is  to  this 

caufe 

•  Thii  fubjcifl,  if  ever  1  am  bleiTcd  with  more  Iciiure  than  is  at  prefent  n.y 
lot,  fhall  be  puriucd  farther  ia  •oother  paper:  ia  which  I  (hall endeavour  to  fiie\v, 
tliat»  notwithftanding  tlw  gKtt  «fifliettlio»  whkfa  there  appcan  to  be  between 
algebra  aod  geometry,  tb^  aM  ttiMf  bnc  one  icicuce^  dilfereDCtf  treated ;  and 
that  the  operatbns  of  tlw  Ibmcr  may  be  remlered  at  clear  and  perfptcuods  at 
tho&  of  the  Utter  are  allowed  to  be,  A  dif<|iiifitWD  of  thb  nature  wiU  at  leaft 
have  the  merit  of  refcviof  a  itry  ufeful  »d  ca^cditioitt  mode  of  invcftigation 
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caufe  we  muft  attribute  all  tliat  obfcurity  which  the  algebraic 
mode  of  inveftlgation  has  been  fo  frequently  charged  with. 
..  I  (hall  endeavour  to  verify  this  doctrine,  in  fome  meafure,  by 
the  exprefiions  which  are  put  down  in  the  following  tables  for 
the  fuies,  cofines,  and  tangents  of  arcs  of  circles,  and  of  tlie 
multiples  of  thofe  arcs ;  which  tables  will  be  found  very  ufe- 
.ful  in  the  profecution  of  the  dcfign  which  1  am  now  upon,  and 
are  abfolutely  neceflary  in  the  explanation  of  it. 

Trom  an  unracritcd  ftigma  :  and  if  I  never  be  happy  enough  to  have  an  opportunity 
of  doing  it  myfclf,  what  I  have  here  faid  may  be  the  means  of  putting  foa* 
•other  perfon,  who  hai,  upon  it. 


■  -•(j:C-  v;  'f  'Jilt 

• ;  v!;f7o;i  •  1:  £ 
. '    •»,    ' . .       .  > 


•   •  • 
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EACH  of  the  formulse  in  thefe tables  may  be  confidcrcd  as 
one  iide  of  an  equation,  involving  the  unkijowa  quaiitit/  x  to 
difierenC  dimenfions.  In  iome  of  the  formulae  the  odd  powers 
of  4?  are  only  Ibund,  in  others  the  even  pn^s  alone,  and  in 
others  hoth ;  but  they  are  all  equally  uieful  iii  iiniding  the  value 
of  the  unknown  quantity  in  adfe<3:ed  equations  which  contain 
all  the  powers  of  that  quantity,  a$  will  piainjy.  ;appear  from 
the  following  coniiderations. 

L  If,  on  bringing  the  Solution  of  any  probieoi  to  an  equa- 
tm  with  fome  known  quantity,  it  be  found  to  correfpond  with 
any  of  the  formula  in  the^  tables;  or,  if  by  any  means  it  can 
be  reduced  to  any  of  them,  it  is  manifeft,  that  nothing  remains  to 
be  done  but  to  divide  the  known  fide  of  the  equation  by  the 
value  of  the  quantity  which  is  here  denoted  by  and  to  i^tk. 
for  the  quotient  in  the  tables  of  fines,  cofines,  or  tapj;ents,  as 
the  cafe  may  requiie,  and  the  value  of  the  unknown  quantity 
will  be  the  fine,  tangent,  iecant,  or  verfed  iiqe,  of  a  gl\  en 
part  of  that  arc  (accordmg  as  the  expreflion  is  found  in  the 
firft,  fecond,  third,  or  fourth  table)  multiplied  by  the  value 
of  r. 

IL  If,  as  win  more  frequently  happen,  the  final  equation  of 
an  operation  be  found  equivalent  to  the  fum,  di^erence,  pro- 
duct, or  quotient,  of  ibme  two  or  more  of  thefe  formula ;  or 

to  the  fum,  difference,  produd^,  or  quotient,  of  fome  two  or 

more  of  them  multiplied  or  divided,  increafed  or  klllned,  by 
fame  known  quantity  of  quantities;  then,  having  taken  away 

O  O  O  5  tilCL 
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the  known  quantities  by  the  common  algebraic  rules,  obfenre 
the  following  ones. 

I  ft.  When  the  equation  is  found  to  cofFeipond  with  the  ibm 
or  diflerence  ot  two  formula  in  thefe  tables,  which  are  the  fine 
and  tangent,  fine  and  cofine,  or  cofine  and  tangent,  of  the&me 
arc,  by  running  the  eye  along  the  tables  of  n:it:ural  fines  and 
tangents,  find  thefe  two  arcs,  immediately  following  one  ano- 
ther, the  fum  or  dlHerence  of  the  fine  and  tangent,  fine  and 
cofine,  or  oofine  and  tangent,  of  which  are  one  of  them 
greater,  and  the  other  lefs  than  the  number  which  coniHtutes 
the  known  fide  of  the  equadon.  Take  the  excefs  of  one  of 
lliele  funis  or  differences  above,  and  what  the  other  lunj  or 
diflerence  wants  of  the  faid  given  number,  add  thefe  two  errors 
together,  and  fay,  as  the  fum  of  them  is  to  M\  fo  is  that 
error  which  belongs  to  the  lefs  arc  to  a  number  of  ieoonds; 
which  being  added  to  the  lefs  arc  will  give  one,  the  ftim  or  dif- 
ference df  wfaofe  fine  and  tangent,  fine  and  cofine,  or  oofioe 
and  tangent,  is  exa^^ly  equal  to  the  number  which  conftitufes 
the  known  fide  of  the  equation.  Of  the  arc,  thus  found,  let 
fuch  a  part  be  taken  as  the  table  in  which  the  formula  sre  found 
direds,  and  the  natural  fine,  tangent,  iecant,  or  verfed  fine  (as 
the  caie  may  require)  of  this  part,  being  multiplied  by  the 
Aralue  of  r,  if  r  be  found  in  the  equation,  will  be  the  value  of 
X  fought. 

2d.  When  the  equation  happens  to  be  the  produ£l  or  quo- 
tient of  two  fbrmuke  which  expiefs  the  fnie  and  cofine,  fine 
and  tangent,  or  cofine  and  taqgent,  of  the  fiune  arc,  take  the 
logarithm  of  the  number  which  confHtutes  the  known  fide  of 

the  equation,  and  then  follow  cxa£My  the  dire£^ions  given  in 
the  firfl:  cafe,  ufmg  the  tables  of  logarithmic  fines  and  tangents 
inilead  of  the  tables  of  natural  ones. 

4  jdw 
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3d/  If  thte  equatibn,  finally  nfcfulting  from  the  refbliitioti'o^ 

any  problem,  prcfcnt  itfelf  m  an  exprefiion  which  is  compofed 
of  the  lutii  or  cliiJoicnce  of  t\w  coliiie,  or  tan^^ent,  of  an- 
^rc,  of  -which  the  unknown  quantity  is  the  line,  colinc,  tan- 
gent, or  verfed  iine^  and  the  fine,  coHne,  or  tangent,  of  fome 
multiple  of  that  arc,  it  iviil  then.  be'i3onvenient  to  have^two*. 
tables  of  fines  and  tangents;  and  in  running  the  ey6  along 
them  to  find  the  two  arcs  immediately  following  one  another,' 
of  which  thefum  or  dirterence  of  the  line,  coline,  or  tangent,' 
of  one  of  them,  and  the  fine,  cofine,  or  tangent,  Df  (ome 
multiple  of  it,  may  be  lefs^  atid  the  fum  «or  di^rence^of- t-he*' 
£iie,,cbfine,  ortangeoe,  of  the  others  and  the  fine,  cofi^''4S»if 
tangent,  -df  the 'fame  multiple  of  it,  may  be  'grea«9f  than*the' 
number  which  coniiitutcs  the  known  fide  of  the  eijuation,  for 
every  minute  of  a  degree  that  the  finger  is  moved  over  in  on^y 
k  muft  be  moved  over  a  uumb^f  of -miivutes  in  the  othfr^ 
which  is  equal  to  the  number  of  times  that  the  {iiigle  ai^  itf 
eeatabed  in  the  multiplie  oneV- -What  >  the& ''two  arcs  ^re 
found,  the  operation  will  not -dii^r-fe  ^atePially  froftt  that 
which  is  pointed  out  in  the  fu'fl  rule  as  to  merit  repetition.  > 
.  4th.  If,  inftead  of  the  fum  or  difference  of  the  fine,  cofine, 
er  tangent,  of  an  arc,  and  the  fine,  cofine,  or  tangent,- df 
£ime  multiple  of  it,^  the  .form  of  the  equation  be  fuch  as  to  be 
conftitutcd  of  the  {Arodudt  of  them;  or -the  quotient  of  one  di* 
vided  by  the  other,  the  laft  rule  will  ftill  hold  good,  ufing  on  ly 
the  logarithmic  fines  and  tangents  infrcad  of  t!ie  natural  o!ics, 
and  compating  the  funi  or  difference  of  tiieni,  according  as  the 
equation  is  compofed  of  the  product  or  quotient  of  the  two 
^ftdors,  with  the  logatithm  of  the  number  which  coivftitutestho 
]|nown  fide  of  the  aquation,  inf^ead  of  thai!  uumhor  itfelf. 
Vot.  IjKXL     *     •        P  p  p  .  '  5th. 


5tti«  jgometimes  the  iinal  cquatioa  wi}!  came  out  in  «xpte(- 
'ftoiDS  wkich  aje  conftkuted  of  tbe  fum*  difierence^  produA,  or 

quotient,  of  the  fine,  cofine,  or  tangent*  of  fome  mtiftiple  of 
an  arc,  of  which  the  unknown  quatitity  is  the  fme,  t.mgent, 
ilcaut^  -or  vcrlcd  fme,  and  the  fine,  cofine*  or  tangent,  of  lomc 
other  multiple  of  the  fkme  arc.  And  in  any  of  thcio  cafes  it 
b  manifei^t  that  the  method  of  proceeding,  m  order  tP  ohtain 
pne  of  the  multiple  arcs,  and  from  thence  the  irogle  otie»  of 
which  the  unkitown  quantiry  is  the  fine,  tangent,  &c. 
not  he  greatly  different  from  thofe  u  hith  ha,ve  been  defcribed  b 
(he  third  and  fqurth  ndes.  ..XkQ  Oipii  m^itenal  diffemce  coon 
iiils  lA  this,  thf^t  bflcad  of  proceoduig  mitrte  hy  minute,  ac^ 
(otdiog  to  the  direiSioas  io^  the  third  nik  to  liiu)  the  fiqgje  anc^ 
k  will,  now  be  moft  coovcoAont  to  pvoceed  in  each  talle  hf  a 
injmy  minutes  at  each  ftep  2A  are  equal  in  nqm^ber  to  the  num^ 
'  hit  limes  which  the  iuiglc.a^  is  cou^aiu^  in  tbd  mijtiplfi 
fyics  rcfpeftiveiy. 

•  ;^th.  BquatioQS  will  fio^qvencljr  ;m^eth^  sq^num  in  iwi 
Ifli&abbwhidi  ttfxtk  tho^uam,  ciahe^  4cc»  of  lihc  £oe»  cofioe^ 
or  tangent,  of  the  mnllai^  of  feme  arc,  of  wb«eh  the  mw 

known  quantity  is-  the  fine,,  tangent,  fecaTit,  or  verfed  fine; 
Or  ip  formulae  which  are  expreffivc  of  the  funi,  di^jccnee,,  pro- 
du^,  Sec.  of  th$  fine,  cq^,  or  tangent,  of  an  ajrc^  andfoott 
power  of  the  iine>  cofine^  ortaofent,  of  ihe&me  aic;  orof 
foanc  muldple  of  it,  the  uoknown:  quan^  bei^^g  foiac  ether 
trigonotnetrical  line  belonging  to  that  arc   Or  the  equatioa 
may  be  compounded  of  the  fum,  difference,  produft,  &c.  of 
the  fame,  or  difierent  powers  of  the  fines,  tangents,,  oc  cofmes,. 
ef  diffi:j»at  multiples  of  aa  arc,  the  unknown  ^antity  heiag^ 
the  fine,  tangent,  fecant,  or  verfed  fine,  of  that  arc»  Ihevety 
one  of  thde  cafes  th,e  tables  will  give  the  valiicjof  tfae^unlaiom 

quantity,. 
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<}u:inticy,  and  in  mofl:  of  them  with  great  eafe  and  c:?pedltion. 
The  method  which  is  to  be  purTucd  in  each  calc  will  readily- 
prefeiit  itfelf  to  a  fkilful  anaJyft,  who  attends  carefully  to  What 
hzi  been  already  ikid»  and  to  the  Examples  which  fblioW. 

IV*  The  formula  in  the  four  preceding  tables  may  be  greatly* 
varied  by  fuppofing  the  unknown  quantity,  to  be  lome  part 
or  parts  of  the  fmc,  tangent,  &c.  as  f ,  4-,  *,  I,  &c.  or  Ibmci 
multiple  of  it,  as  twice,  thrice,  6cc.  Or  x  niay  be  the  fquare, 
or  the  Iquare  root,  or  any  other  power  of  the  fine,  tangent, 
iecant,  or  verfed  iine,  of  an  arc ;  in  every  one  of  which  cafes 
the  formula  will  put  on  diflferent  appearances,  ekhef  With  Yc« 
fpedl  to  the  powers  or  co-efficlcnts  of  the  unknown  (quantity, 
and  yet  admit  of  the  fame  kind  of  application. 

V.  The  tables  may  be  rendered  yet  more  extenfively  ufcful  by 
infertiog  expreflions  for  the  fines,  cofines,  and  tangents,  of 
Jialf  the  arc  which  has  X  for  its  iine,  tangent,  iecant,  or  vecied 
line  •  andalfe  for  the  fines,  coHnes,  and  tangents,  -of  the  odd 
multiples  oF  this  \\A\t  arc,  which  €;vprdiions,  together  with 
thofe  already  inferted,  may  be  confidered  as  the  fines,  cofines, 
and  tangents,  of  the  multiples  of  an  arc,  the  unknown  quan- 
tity, being  the  fine^  tangent,  &c.  of  twice  that  arc*  And 
thu'confideration  may  fometimeft  be  applied  Id  very  ufeful 
pu'rpbfes. 

Vl.  In  order  to  render  the  formula  hi  the  tables  more  genera!,* 
I  hatx  put  r  for  the  radius  of  the  circle ;  whereas  it  will  fre- 
quently happen,  that  the  equation,  finally  refulting  front  the 
refbltitioir  of  a  problem,  efpecialiy  thofo  which  relate  to  thb; 
do^rinft  of  the  ^here;  will  prefent  itlelf  in  ft  forih  where  thfr 
radrus  mnfl  be  taken  equal  to  unity :  what  thde  forms- art  wiU 
readily  appear  by  fubftituting  unity  for  r  and  its  powers  every 
where  in  the  exprdfion. 

P  p  p  a  It 
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It  would  becndiefs  were  I  to  undertake  to  enumerate  all  the 
various  circumftanccs  and  cafes  in  which  this  method  of  bring- 
ing out  the  unknown  quantity  may  be  applied  with  fuccefs: 
what  has  already  been  faid  will  be  futficient  to  explain  the 
nature  of  it,  and  to  enable  the  analyft  to  apply  it  in  other  in- 
ftances  as  they  occur  to  him,  I  lhall  therefore  only  add  a  few 
examples  to  illuflrate  it.  •       w  «. 

.•'.VViIJ'  '    *         ''^     E  X  A  M  P  L  E     I.  • 

•  .    ■  ■  . 

Let  it  be  required  to  find  the  value  of-.v  in  an  equation  of 
the  form  .v*  —  -a. 

If  r*  be  expounded  by  50,  and  tf  by  120  (fee  Phil.  Tranf* 
vol.  LXVllI.  p.  937-)  the  equation  may  be  reduced  to 

X  v/.v'  —  50  rr  v/ 120;  and,  confequently,  by  tab.  III.  if  x 

be  confidcred  as  the  fecant  of  an  arc,  of  which  the  radius  \s 

v/|o,  v^x*  —  50  will  be  the  tangent  of  it,  and  we  (hall  have 
to  find  an  arc,  fuch  that  the  tangent  multiplied  by  the  fquare 

root  of  the  fecant  may  be  equal  to  \/ 1 20  ;  or,  which  amounts 
to  the  fame  thing,  fuch  an  arc  that  the  log.  tang,  together 
with  half  the  log.  fecant  may  be  equal  to  half  the  log.  of  120. 
But  becaufe  the  tangent  and  fecant,  here  required,  are  to  the 

radius  of  the  \/ 50,  the  log.  tangents  and  fecants  in  the  tables 
muft  be  increafed  by  the  logarithm  of  that  number,  and  there- 
fore log.  tang.  4-  ilog.50  +  J  log.  fecant  4-  \  log.  50  =  ^  log.  120: 
or  log.  tang.  +  i  log.  fecant=  i  log.  1 20  —  i  log.  of  50.  Hence, 
having  taken  i  the  log.  of  50  from  \  the  log.  of  i  20,  run 
the  eye  along  the  tables  of  logarithmic  tangents  and  fecants 
until  an  arc  be  found  of  wliich  the  fum  cf  the  log.  tangent 
and  half  the  log.  fecant  is  equal  to  19-76536^1,  the  remainder. 

  1q 

••  i  -  * 
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la  thb  manner  it  will  be  readily  found,  that  the  furn^of  the  log. 

tangent  and  half  the  log.  iccatit  of  28^  37'  is  icis  tjian  that 
ditft-rcnce  by  20X2,  and  that  the  i'um  of  the  log.  tangeiit  and 
half  the  log.,f€cpt  .0)?  iS'  38  is  gre^ater  than  it  by  1337: 
th^efore  3349  (2012-f  1337)  :  60.' ;:  2012  :  56"«  Theexa£t 
arCi  .therefore,,  of  which  the  Turn  of  the. log.  taiigput  and  half 
the  log.  iecaot  is  equaU to '19.71^53631  is  .23''  37'  36'',  and  the 
log.  fecant  of  it  is.  1 0.056 6242,  which  bemg  increafed  by 
0.8494850,  the  log.  of  v/jo  gives  0.9061092,  which  is  the 
logarithm  oJ[  8.0558x0,  tiic  value  of  x  foughti  and  which  is 
t0ie  to  feven  places,  of  figures. . 

B'X  A-  M  P'  I*  E  It: 

Ta.  iiad  the.  value  of  x  in  an  equation  of  the  form 

If  r  be  expounded  by  3,  and  a  by  10,  .as  they  are  in  the 
example, . given  at  p.  433.  of  the  Piul.  Ti  anf.  vol.  I.XX.  the 
equation  will  be     -  ^.v^.  -  xo,  and  may  be  transformed  to 

i/x  X  v/9  =: V'lO ; ;  and,  therefc)re»  by  tab*  J.  the  iquar^ 
xoot  of  the  fine  into  the  cofineof  an  arc,  of  whicli.  the  cadius 
ia  3,  is  eqyal  to  the  fquare  loot^of  io«  Conieqoently,  an  arc 
muft  be  found,  fuch  that  the  iiim  of  the  log.  coiine  and  half 
the  log.  tangent  is  equal  to  hah  i\\c  log.  of  10..  But  becaufe 
the  radius  of  this  arc  muft  be  3,  tlic  log.  hnes  and  cohnesmuft 
bt  increaled  by  the  log.  of  ^ ;  and,  theretorc,  log.  cof.  +  log.  of  3: 
4^1  log.  fine .-f  \  log.  of  3  muft  be  equal  to  half  the  log.  of  10 ; 
or,  an  arc  muft  be  found  pf  which  the  fum  of  the  ubtilar  Jog^* . 
coiine  and  half  the  log.  fine  is  equal  to  the  difference  between 
half  the  Ic^.  of  .10  and  li  the  log.  of  3..  Hence,  having  fub- 
tra£ted  1}  log.  of  3  from  half  the  log.  of  10,  run  the  eye 
2.     ,  along 


alo:ig  Gardiner's  tables  of  logarithmic  fmes,  by  which  means 
it  will  be  readily  found,  that  the  firm  of  the  log.  cofme  niid 
halt  the  log.  i'iiic  of  53'  30^  is  kfs  than  19.7^43181,  the 
cxccfs  of  half  the  log.  of  10  above  1 1  log.  3,  by  15,  ^id  thac 
the  luni  of  the  log,  coiiiic  and  half  die  log.  fine  of  aS'  53'  40" 
is  greater  thati  that  difference  €0,  '  Conicqnently  75 
(15  +  60)  :  xo''  ::  15  :  i'he  exact:   arc,   therefore,  of 

which  die  fum  of  the  log,  cofine  and  half  tlic  log.  fine  is  equal 
to  19.7843 18 1,  ib  28*  53'  3z" ;  and  the  log.  fmc  of  tliis  afc» 
sncreaied  by  tjie  log.  of  3,  is  oa6isi53»  the  kgacithm  of 
1.44949,  the  value  of  x  required,  true  to  the  laft  place. 

But  many  equations  of  tins  form,,  and  this  example  among 
the  reft,  admit  of  two  polirive  values  of  the  unknown  quan- 
tity ;  and  by  carrying  the  eye  farther  along  the  tables  it  will  be 
found  alfo,  that  the  fum  of  the  log.  coHne  and  half  the  log. 
fme  of  41"*  4S'  30"  is  greater  than  19.^843181  bj  50,  and 
that  the  fum  of  (he  log.  cofine  And  half  the  log.  fine  of 
41"  48'  40"  is  too  little  by  21.  Confequently,  71  (50  +  21) 
:  10''  ::  50  :  7":  of  courfe,  41°  48'  37^'  Is  another  arc,  of 
vhich  the  fum  of  the  log.  coiuic  and  haif  the  log.  fine  is  equal 
to  19.7843181,  and  the  log.  fme  of  this  afc,  incfeaied  by  the 
log.  of  j»  is  the  logarithm  t>f  1.999999^,  another  value  of 
and  which  errs  but  by  unity  in  the  feventh  phce. 

The  third  root,  as  it  is  generally  called,  of  this  equation, 
which  is  nec'-fiarily  negative,  and  equal  to  the  fum  of  the  other 
two»  belongs  properly  to  the  eqoiatioa  which  is  given  as  the  firft 
example,  of  which  it  is  the  affinnativerooti  and  may  beibund 
by  jche  diredbns  which  arc  there  |[lvefu 
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EXAMPLE  III. 

To  find  the  value  of  ;»  in  an  equation  of  the  form 

Let  us  take  as  examples  of  this  equation  a-'  +  3v=s.o4^ 
X*  4.  « .08,  and  3X = .12,  which  are  three  of  the  inftances^ 
given  by  Dr.  uallbt»  in  his  Sjmopfis  of  the  Aftronomy  of 
Comets,  to  illuftrato  the  mode  of  eolnpnfation  that  he  purfued 
in  conftrucfling  his  general  table  fof  calculating  the  place  of  a 
comQt  .in  a  parabolic  orbit :  and  it  is  obvious,  a  being  put  for 
the  knpwi^fide  of,  tk^  nfpacioa*  ah^t  k  may  be  (nui$£>nned  to* 
%/»xt\f  '^-¥**  ^s/ii  wbeie^  if  be  cofifidered  ttfl-'  the  tangenc 
of  an  arc,  tlie  radius  of  which  is  s/ 3,  V5  +  v*  will  be  the  fecantf 
of  thai  are ;  and,  confequently,  by  what  is  fhcv^ii  in  the  firft 
cKafQi^e,  aerafc  mnft  be^  found,  fueh,  t^ac-the-^m  of  the  tabnlar 
log.  ieq^^t  an)  halS  the  tAnlariog;tangrnt  may  be  dqual  to  th^ 
excefs  of  half  the  log.  of  a  above  I  of  the  log.  of  3.  In  the 
iirf?"  of  the  above  three  inilances  this  excefs  will  be  found, 
1S.943 1 39 1,  ill  the  iecond  19.0937041,  and  in  the  tliird 
19.1817497;  and  by  running  the  eye  along  Gardiner*! 
Tables  of  Lc^ithmic  Smes  and  Tangenft,  it  wiJi  be  founds 
that  thie  faHab^eea  o*  a6rao^^  ando*"  26'  y>"y  thefe^ 
cond  between     52'  50"  and  0°  53'  o'',  and  the  third  bctwneen 

19  aia"  and  19'  30'';  and,  by  purfuing  the  mode  which 
has  been  deferibed  iu  the  twa  former  examples,  the  exa£l  arcs 
wHl  he  ioand  of  zt'  ct  54,'  51^7,-  and  1^  i  ^'  zo'\u 

and  ttielr  refpc6tive  fangentay  to  the  radioa  v^3^  .0133324S, 
.0266611,  and  .0399787,  the  three  values  of  at  fought.  And 
in  this-  manncx  Dr.  halley's  tnble  may  be  extended  to  any 

length  vt'ah  the  tttIno^l  eaie>  ex^ditioDy  and  accuracy* 

3,  Thna- 
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4;:o  Afri  wales  on  the  Refolution 

Tims  far  this  matter  has  been  carried  by  former  writers ;  but 
thole  who  may  be  at'|he:trQiifa|e:Qf  jconfulting  them  will  find 
that  I  have  not  copied  their  methods :  on.  the  cpntrai^,  thefe 
which  'are  given  here»afeiW6re*flaih  ^hdiSbvioui 'than  theirs  are, 

and  the  operations  confuierably  fliortcr.  What  toliows  hai  not, 
I  believe,  been  adverted  to      any  before  mc. 

•  •  t 

-  •  ... 

{    '  ,  ,       \  E  X  A,  M  P  L  E  IV. 

♦ 

:  I^ct  the  equation  ariiiDgsfrotnr the  proportion.tf  :  h'k-x  •  i  -«* 

iv€s/t'^*'i  €*xhttslkfftL^  which  is  die  re(iilt  of'an  inquiry 
suto  rthe  i^tuatibn  of  that  f)lace  on  the  furfaoe  of  the  earthy 

confidercd  as  a  fphcroid,  which  is  at  the  greateil:  diiiiiice  tioni 
a  given  one,  fuppofc  London.  In  this  inquiry  ^2  and  ^  were 
puLto>i;e£rcleut  .tlie  im/s  aiid  cofit^e  gt^  the  latitude  c^.^^^l^jt^ 

place  (in  the  fpheioid)  ^  €  'for  ^ ,  thi  f  atio  of  the  axest  »ul « 

for  the  fine  of  the  diftarice  of  the  requircd.place  from  the  oppo- 
fite  pole  (in  the  fpheroid  alfo).  .  The, equation,  which  ispf 
foDr  dimenfious  with  all  the  term's^  is  manife(tiy  acx^ 

is  evident  -ftorft  tab.  T;  that  thc-diflference  betwefen  the  tangent 
and  the  product  of  the  fine  into* a  given  quantity  is  known. 

In  or^er,  therefqre,  to  find  the  value  of     compute—,  ani 

9  and  find  the  logarithm  of  the  ktter.   Now,  becaofe'the 

elliptic  meridian  diil^rs  but  little  from  a  circle,  the  place  fouoht 
will  not  be  far  from  the  antipodes  of  the  given  one,  anJ  iti 
■^iiflaiicc  from  the  oppofite  pole  may  therefore  be  eiUiuated  at 

•  *.  39*5  J 
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39*  5' ;  and,  having  taken  out  the  natural  tangent,  and  loga- 
ridiDuc  fine  of  this  arc,  add  the  logarithm  of  to  the  lat- 
ter, riiulf.iid  the  number  conclpoiiJing  to  the  fum,  whicli  will 
be  lefs  than  the  natural  tnngent  of  39°  5'  by  2869.  As  this 
aflumption  is  fo  near,  take  39' d"  for  the  next,  repeat  the  ope- 
ration, and  the  refult  will  be  1935  too  great.  Then  4804 
(2869  4- 1935)  :  60'' ::  2869  : 36''}  which  being  added  to  39*5  \ 
^?es  39*"  $'  36",  for  the  co-latitude  of  the  place  (bught,  and 
the  natural  line  of  this  arc,  or  ^6305 8 56  is  the  value  of  x  in 
this  equation. 


EXAMPZ.E  V. 

L^thc equation  =  o,  be  taken^ 

which  rcfults  from  a  folution  of  one  cafe  of  the  problem  de 
hiclinationibus  of  apollonivs;  but  which,  as  it  naturally  riie» 
to  a  folid  problem,  was  not,  I  conceive,  confidered  by  that  cele- 
brated author.  The  refute  of  the  analyfis,  before  any  reduc- 
tion takes  place,  is  this  proportion,  x^ai  x  -  a     i\/ ax  :  bi. 

and  hence,       y/^^\b»  But  it  is  here  maniieft,  that  if  a 

be  taken  for  the  tangent  of  an  arc,  of  which  the  radiug  is 
X  will  be  the  cotangent  of  it,  and  *J~yax(^  =s  ih)  the  co- 
fine  of  twice  that  arc.  Confequently,  we  have  to  find  an  arc, 
the  tangent  of  which  is  to  the  cofine  of  twice  that  arc  as  a  is 
to  i  ^  ;  and  this  being  done,  the  natural  co- tangent  of  that  arc, 
to  the  proper  radius,  will  be  the  value  of  x* 

You  LXXI.  Qj  q  Thus, 


Mr\  wAtES  m  iht  Rrfiltttton 

Thus,  let    be  lo,  and  b  24  ;  and  the  ditTtrence  of  tbelpga- 
rlchms  of  a  and     will  be  0.079 1812.    Now,  by  ruDoiog  the 
eye  ak>Rg  gardinsr's  Tables  of  logarithmic  Sines  and  Tan* 
gents,  it  will  be  readily  fecn,  that  the  log.  tangent  of  26*  35'  50", 
when  incrcafcd  by  0.0791812,  is  lefs  than  the  cofine  of 
■  53"  7'  40'  twice  that  arc;   and  that  tlie  log.  taiM^cnt  of 
26°  34'  o  ",  when  iiicrcaicu  by  the  fame  quantity,  is  too  j.;rcat. 
And,  by  actually  taking  out  the  logarithms,  and  making  the 
additions,  the  tbrmer  will  be  Ibund  too  fmali  by  455,  and  the 
latter  too  great  by  632.   Then,  1087  (455+632)  :  10"  ;r 
455  :  4";  which  being  added  to  26*  33'  50"  gives      33'  54" 
for  the  arc  of  which  x  is  the  co^tangent.   And  if  to  twice  dbe 
log.  co-tangent  of  this  arc  the  logarithm  of  <i  (10)  be  added, 
the  lum  (1.60Z0600)  is  the  log.  ot  40,  the  value  of  x  Ibught, 

£  X  A  M  P  L  S  VI. 

The  equation  rcfulting  from  a  fbhitibnof  the  famous  probiem 
of  ALHAZKN  may  be  ;is  another  example  of  the  life  of  this 
method.  Many  folutlons  of  this  celebrated  probiem,  hy  huy- 
GENs,  SLUSTU3,  and  other?,  may  be  met  with  in  the  Philolo- 
phical  Traniadiona*  Solutions  to  it  jcnay  alfb  be  ibund  at  the 
end  of  Dr.  boihirt  simvson*s  Conic  Sedions,  in  Dn  smith's 
Optics,  Mr.  RoiiiN*s  Mathematical  Trades,  and  other  pfaces  y, 
hut  the  moft  direct  aud  obvious  method  is,  perhaps,  that  which 

follows. 

l^it  a  =  DC,  b  =  aC\  r  =  CI ;  x  =  CB  and y  =  CE,  the  cokiies 
of  the  arcs  lA,  IH,  to  the  isaidiusr:  then  will  the  lines  o£ 

thofe  arcs^  B4,  EB,  be  expreflicd  by  \/r*  — a?*  and  V'/''— 
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pj  adJiSied  Equatknt 
and,  becaafe  of  the  rimilar  triangl 
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ABC  and  BFC,  HEC  and  </GC, 


r 

f!Z3=DF;r;^:;^:^=  CG,  and 


r:v/F^::^:i22-Zi:=:^G;  con- 


r 


fequently/^  -  r  =  FI,^  -  r = GI ;  and 

becaufe  the  angles  DIP,  d\Gy  are  equal 

by  the  nature  ot  the  problem,  and  the 
angles  DFl  and  <<'GI  both  rigiit  augles,  the  triangles  DFI  and 

^GI  are  alio  (itnilary  aad  confequently  lllZi. :  fif  -  r  :: 


y  „ 


or,  the  co-iecant  of  the 


arc  HI  -f*  ^ — co-iecant  of  AI  -j-  n  =  the  co-tangent  HI  ^r— co- 
tangent AI-&-r;  or,  laftly^  the  co-tangent  of  HI  -  co-taageait 

of  AI  =  co-fecant  of  HIx  j  -co-fccant  AI  k  ^.  Confequently, 

We  have  to  find  two  arcs,  the  fum  dF  which  is  given,  and  fuch 
that  the  difierence  of  their  co-tangehtsniiy  be  equal  to  the  dif- 
ference of  the  products  of  their  co-iecauts  inta  given  quan- 
tities. 

To  do  this  aflume  the  angle  DCF  as  near  as  {X)fiihlc  ;  and, 
becaufe  the  liim  of  the  two  angles  is  given,  the  angle  ^/CG  will 
be  known  alfo.  Take  the  dittercnce  of  the  logaiithms  of  r  and 
«,  r  and  ^,  which  will  be  conflant,  alio  the  diifereiKe  of  the 
co-tangents  of  the  two  afiumed  arcs,  and  having  taken  out  the 
log.  coi'iecantSy  add  to  them  refpefiively  the  two  logarithmic 

*      Qjl  ^  *  dificrcnccs. 
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differences.  Find  the  numbers  correiponding  to  theie  two 
Turns,  and  if  the  diflference  of  thefe  two  numbers  be  equal  to 

the  difference  of  the  cd  tangeius,  th.c  angle  DCF  was  liglitly 
nflumed  ;  but  that  will  k'Ulom  happen,  take  the  (iiileicnce, 
or  error;  aiiumc  the  angle  DCF  again,  repeat  tlie  operation, 
and  And  the  error  as  before.  Then,  as  the  fuoi  of  the  errors, 
if  one  of  them  was  too  great,  and  the  other  too  little,  ortheir 
difference,  if  both  were  too  great,  or  both  too  little.  Is  to  the 
difierence  of  thefe  aiTumptions,  (b  is  the  lefs  error  to  a  number 
of  minutes  atid  feconds,  which  mufl  be  added  to  that  aflump- 
tion  to  which  theleaft  error  belongs,  if  that  aflumptKJii  w  as  too 
fmall ;  or  fubtraded  from  it,  if  the  afl'umption  was  too  great : 
and,  unlefs  the  firft  aiTumption  was  made  very  wide  of  the 
tnith,  which  may  always  be  avoided,  the  two  angles  will  gene- 
rally be  obtained  within  a  few  ieconds  of  the  truth,  and,  by 
repeating  the  operation  once  more,  to  the  utmoft  exateefs. 

SuppofeDC  (a)  be  taken  equal  to  72,  </C  (^)  =  48,  and  the 
radius  CI  (r)  =  40,  the  angle  DCd  being  82*  45':  then  the 
whole  operation  will  (land  as  follows: 

r  =  4olog.        11.6020600       -        -  1 1.6020600 

4fs;2l0g..  1.8573325        ^  =  48  log.  I.6812412 

Conflaac  log.      ^.7446275       Conflant  log.  9.9208188 

Now,  in  the  two  triangles  DCI,  dCl^  the  angles  DIC  and 

d\Q  being  equal,  and  CI  common,  but  dC  confidcrably  Vefs 
than  DC,  it  is  manifeft,  that  the  angle  dCl  will  be  conliderably 
lefs  than  the  angle  DCI :  let  them  be  aliumedin  the  proportion 
that  DC  bears  to  its  excefs  above  dC  ;  in  which  cafe  the  angle 
dQl  will  be  35'  and  DCI  55**  lo^  The  co-tangent  of  the 
•  former  will  be  1.9141795,  of  the  latter  .6958813$  and  the 
difoence  of  them  i  a  182982.  The  log.  co-iecaatsof  thofe 

two 
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two  angles  are  I0'3343832  and  10.0857536,  which  being  re- 
fpeCtively  increnfed  by  9.9258188  and  9.7446275,  the  two 
conAant  logarithms^  make  0.2552020  and  9.8^04811,  which 
are  the  logarithms  of  1.7997079  and  .6768323  ;  and  tlie  dif- 
ference of  thefe  two  numbers  is  1.1228756*  which  islefs  than 
the  difEerence  of  the  log.  co- tangents  by  .0954226. 

I  next  aflbme  the  angles  30*  and  5 45' ;  and  bv  purfuing^ 
the  fame  fleps  which  have  been  di^lcribvd  above,  I  fin  I  tnc  dif- 
ference of  their  co«tangents  exceeds  the  difi'ercncc  of  the  pro- 
ducts by  .0028987.  Then,  as  925239  (the  diiTcrence  of  die. 
errors)  is  to  145'  (the  difference  of  fuppolitions),  fo  is  the  latter 
error  28987  to  4'  33'%  wliich  being  added  to  30%  gives 
30**  4'  33''  for  the  next  aflumption  of  the  angle  ^CI ;  but*  for 
eaie  in  the  computation. I. fliall  take  30^  5^ ;  in  which  cafe  ths 
angle  DCI  mil  be  52*  40' ;  and  by  repeating  the  operation  the 
dilicience  of  the  co-tangents  will  be  found  lei's  than  the  (iif- 
fcrence  of  the  products  by  .0002425.  And  3 141 2  (the  lum  of 
the  two  hSi  errors)  is  to  5'  (the  ditfcrence  of  the  iuppofitions) 
as  2425  (the  laft  error)  is  to  23";  which  being  taken  from 
3Q^  5',  the  laft  iiippoiition,  becauic  it  was  too  great,  leaves 
30^  4'  3/'  for  the  exaft  value  of.  the  angle  ^CI. 

This  equation,  like  that  in  the  iburth  example,  when  the 
value  of  y  is  properly  fubftituted,  and  the  equation  reduced  iu 
the  ufual  manner,  will  rife  to  four  dimention.^  witli  all  the 
inferior  ones ;  and  it  does  not  appear,  that  cither  huygens, 
SLUsius,  Mr.  KOBINS,  Dr.  willson,  or  Profeflbr  simson, 
with  all  their  artifice,  have  been  able  to  dcprefs  it :  but  by  tbis 
method,  of  reiblution  the  point  of  reflection  is  found,  with  the 
greateft  exadnefs,  in  much  lefs  time  than  this  fubftitution  and 
reduction  can  be  made.  And  this  example  ^rther  fuggefls  to 
us,  that  when  the  anfwcr  is  fought  by  the  method  now  under 
2 ,  confix 
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conCideratiot),  it  is  not  always  necefiary  to  exterminate  all  the 
unknown  quantities  but  one. 

B  X  A  M  P  L  £  Vlt. 

Suppofe  the  equation  to  be  relblved  were     =  .375  = 

16  V  =;=4.7*  —  2o;''=i=4jy' +  5j  :  and,  liill,  let  the  upper  %ns 
have  place,  and  it  is  manifeff-,  that  the  latter  fide  of  the  eqya- 
tion  may       divided  into  two  parts;  namely,  4y*  — 4,**= 
4./ ,  I  +y .         and  i6y'  -  iqy'  +  $y  =y  - 10/  .  TTy  .7^ 
+  5y  '  I        •  I  But  the  former  part  is  (by  tab.  L)  the 

fquare  of  the  fine  of  twice  the  arc  which  has^  for  its  fine  (radius 
being  =  i)  and  the  latter  part  the  fine  of  five  times  the  hme 
arc.    Hence,  therefore,  the  given  quantity    (  =  .^75)  is  equal 
to  the  fum  of  the  fine  of  five  times  the  arc  (A)  which  hasy 
for  its  fine,  and  the  fquare  of  the  fine  of  twice  the  fame 
arc.   Now,  as  the  fquare  of  the  fine  of  twice  the  arc  (A) 
muil  necefTanly  in  this  inllance  be  very  fmall  in  comparifim  of 
the  fine  of  five  times  the  fame  arc  (A),  it  is  mataifeft,  that  the 
fine  of  five  times  the  arc  which  has  y  for  its  fine  will  be  veiy 
little  lefs  than  .375,  and  ot  courle  that  arc  (5A)  can  he  hut 
very  little  Icfs  than  22°  2',  the  fine  of  which  is  next  greater 
than  that  number.    Afliime  it  a*i%  and  the  fifth  part  of  if,  or 
that  arc  which  has^  for  its  fine,  will  be  4*"  iz\  the  double  of 
which  is  8**  24^   Now  the  log.  fine  of  8°  24'  is  9.1645998, 
which  being  doubled  is  8.329 1 996,  the  logarithm  of  .0215403, 
.;iid  this  number  being  taken  from  .375  leaves  'Jjj^SP/i 
which  ought  to  have  been  .3583679,  the  fine  of  21%  and  of 
courfe  is  too  Imall  by  .0047082 :  the  arc  has,  therefore,  been 
^aifumed  too  great. 

Let 
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Let  AQ^  45'  be  next  aiibmed;  the  fifth  ^rt  of  ^hlch 
is  4''  9%  .and  twice  this  laft  number  is  8?  18',  of  %vhich 
the  log.  (ine  is  9>  1594354;  and  this  being  doubled  is 

8.3188708,  the  Jog.  of  .0208387;  and  this  being  taken 
from  .375  will  leave  »354i^i3J  lefs  {till  tlian  the  fine  of 
20*  45'  by  .OC01297. 

Talce  now  20'  44',  the  fifth  of  which  is  4''  8'  48'',  and 
two-fifths  is  8^  17'  36"  ;  and  the  log.  fine  of  this  is  9.1590889, 
which  being  doubled  gives  8.31 8 17^^89  the  logarithm  of 
•02C8055  ;  and  this  being  taken  from  >375,  leaves  •3541945  ; 
more  than  the  fine  20*  44'  by  .0000795.  Now  2092  (the 
fum  of  tlie  laft  two  laft  errors)  is  to  60"  as  795  (the 
lull  cnor)  is  to  23''.  Which  being  added  to  20"*  44',  the 
laft  afl'umption,  gives  20°  44'  23''  for  five  times  the  arc  of 
which  y  is  the  fine :  y  is  therefore  the  fine  of  4^ 
or  .07233202, 

When  the  lower  iigns  in  the  equation  have  place,  the 
given  quantity  a  will  be  equal  to-  the  excefs  of  the  fine  of  five 
times  an  arc  above  the  fquareof  the  fine  of  twice  that  arc :  and. 

the  operation,  after  cuiu idling,  from  the  circumftances  of  the 
queftion,  or  equation,  an  arc  which  is  nearly  five  times  thnt 
having  y  for  its  fine,  is  this.  Find  the  logaritiimic  fine  of 
two-fifths  of  that  arc,  double  it,  find  the  number  correfponding 
to  this  lo^rithm,  and  add  to  it  the  value  of  which  (hould 
then  be  equal  to  the  fine  of  the  arc  firft  aflumed ;  and  if  it 
is  not,  to  repeat  the  operation  until  an  error  is  obtained  oa 
each  fide,  and  not  very  dtftnnt  from  the  truth,  as  is  done  above, 
and  which  may  always  he  dune  with  tlirce  afiumptions. 

A  multitude  of  examples  might  bp  added  from  the  writings 
of  different  autliors,  who  have  eitlacr  left  their  concluiioiis- 
7  uuex- 
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miexhibitcd  in  numbers,  for  want  of  fomc  fuch  eafy  method 
as  this,  or  have  done  it  by  means  of  a  long  and  laborious 
ieries  of  difficult  computations;  which,  betide  the  labour 
attending  them,  are  always  fubjedl  to  arariety  of  erzon, 
which  cannot  be  detected,  in  many  caies,  without  repeatmg 
the  operation* 
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^^XI.  Experimtnts  $n  the  Power  that  AnimaU^  ^hen  placed  in 
certain  CircumJlanceSy  pqffejs  of  producing  Cold.  By  Adair 
Crawford,  M»  D.i  communicated  by  Sir  Jolcph  Banks,  Bart, 

JUsad  June  14,  178 1. 

IN'  th»  fbtlcwSng;  paper  I  (hall  lay  before  the  Society  th6' 
re(iilt  of  fome  experiments,  which  1  made  in  the  courfe  of 
the  laft  ihmmer,  on  the  power  that  animals,  when  placed  in  cer- 
tain circumilaiiccs,  prtii'cis,  of  prodncmn  cold,  having  prc- 
mifed  a  few  remarks  on  the  progrcliive  improvements  which 
have  been  made  in  the  knowledge  of  heat  in  general. 

The  opinions  of  the  ancients,  refpedling  the  nature  and  pro- 
perties of  fii^  conMed  of  bold  cbnjedures,  which  feeim 
rather  to  have  been  the  ofispring  of  a  lively  and  vi^rous  ima- 
gination, than  of  a  juft  and  correct  judgement :  their  ideas  on 
this  fubjec^  being  cvidcnily  derived,  not  fo  much  from  an  accu* 
rate  obfervation  of  fads,  as  from  thofe  fentiments  of  admira- 
tion and  awe  which  many  of  the  phenomena  of  fire  are  calcu- 
lated to  excite;   Thus,  this  element  was  fuppofed,  on  the  ori- 
ginal fcrmation  of  die  univeifey  to  have  afcendM  tb  the  higheft 
'  ]4aoe,  and  to  haveoccnjAedthe  i^gion  of  the  heavens :  it  was 
coneeivedtobe  the  principle  which  firft  commnnicated  life  an^ 
a£%ivity  to  the  animal  kingdom :  it  was  confidered  as  confK- 
tuting  the  effence  of  inferior  intelledlual  beings ;  and,  by  m my 
of  the  andent  nations,  it  was  reverenced  as  the  fuprcn^e  Deity, 
lodeed  the  profound  veiieiatioii  with  which  the  element  of 
Vol.  LXXI.  R  r  r  fire 
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fire  was  contemplated,  for  a  long  fucccffion  of  zgei,  by  a  gnat 
part  of  mankind,  appears  to  be  one  of  the  moft  curious df- 
cumftances  in  the  biftory  of  antient  opinions*  To  account  for 
this  wtf  may  obferve,  that  there  is  no  principle  in  nature,  ob- 
vious to  the  (enfes,  which  produces  lucli  ini|X)i  tant  eftccls  in 
the  material  Ijficm,  atiJ  which,  at  the  fame  rime,  in  the  mode, 
of  its  operation,  is  lb  obfcure  and  incompreheiifiWc. 

It  appears  to  be  accumulated  in  an  immenfe  quantity  in  tbe 
fan  and  fixed  ftars,  from  whence  its  beneficial  influence  feetns 
to  be  Gontimially  difiufed  over  the  tmlverfe:  it  is  the  gmt 
ioftrument  by  means  of  which  the  changes  of  the  feafoi]. 
ef&£bd;  the  diverfity  of  climates  Is  chltBy  owrn^  to  the 
various  proportions  in  which  it  is  cliftributed  throughout  the 
earth.    It  wc  add  to  this  the  mighty  alterations  which  have 
been  produced  in  human  affairs  by  the  introduaion  of  artififiiil  I 
fire,  by  its  employment  ill  the  reparation  of  metalfrfiom  tfaop  j 
ores,,  aad  in  the  various  arts  which  are  fubiervient-  id  dw 
comfort,  the  ornament,  and  lie  prefervation,  of  the  fpecies, 
it  will  not  appear  furprizing,  that  in  a  rude  and  ignorant  age^ 
this  wonderful  principle  fhould  have  been  conlidcred  as  endued 
With  hfe  and  intelligence,  and  that  it  fliould.have  become  tU 
objed  of  rehgious  veneration. 

In  the  dark  ages  the  alchymifts,  regarded  pure  fiie  ai-tbe 
refidence  of  the  Deity :  they  conceived  it.to  be  uncieatd  and 
immenfe,  and  attributed  to  its  influence  moft  of  the  pheno- 
mena of  nature.  Indeed,  it  is  not  wonderful  that  they  ihould 
have  affigned  it  a  high  rank  in  the  fcale  of  being,  as  itiwas  the 
great  agent  which  tliey  employed  la  the  chymical  analyfis  of 
bodies,  and  was  the  inftrumentot  thofe  difcoveries  that  atttaawl 
fuch  univerfal  admiration,  and  that  enabled  them  &  fucoeff- 
folly  to  impofe  upon  the  ^norance  and  crtsdulity  of  tfao  tima. 

Upon 
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Upon  the  revival  of  literature,  the  import .  tx^c  of  this 
branch  of  Icicnce  began  very  iiKiW  to  engage  tiie  attenlioti 
of  philofophers.    It  could  not  efcape  the  general  obfervatioa^ 
in   a  penetrating  and  inquifitive   age,   when  the  powers 
of  the  human  mind  were  employed  with  fo  much  ardour 
and  fuccefs  in  exploring  the  operations  of  nature^  that  the 
element  of  £re  a6ls  a  principal  part  in  the  fydem  of  the 
worid;  that  by  the  influence  of  this  clement  thole  motions 
arc  begun  and  lupported  in  the  animal  and  vegetable  king- 
doms, which  are  tllential  to  the  produdion  and  prelervatiou 
of  life;  and  that  it  is  the  great  agent  in  thole  fucceifive 
combinations  and  decx>mpo{itions,  by  which  ail  things  on  tho 
furface  of  the  earth,  and  probably  throughout  the  univeiie^ 
are  kept  in  a  continual  fluAuarion. 

But  though  the  utility  of  this  branch  of  fcience  was  per- 
ceived, yet  the  progrcls  that  was  made  in  the  cultivation  of  it 
did  not  keep  pace  wirii  the  opinion  which  men  entertained  of 
its  importance.    Our  fcufes  inform  us,  that  heat  has  a  real 
exigence,  but  they  give  us  no  dired  information  with  regard  to 
it6  nature  and  properties :  it  is  endowed  with  fuch  infinite  fub- 
tilty«  that  it  has  been  called,  by  a  veiy  eminent  philoibphert  an 
occult  quality  :  by  fbme  it  has  even  been  coniidered  as  an  im- 
material being.    It  is,  therefore,  with  great  difficulty  that  it  can 
be  made  the  fubjccl  of  philofophical  inveftigatlon  ;  and  hence 
the  opinions  of  men  concerning  it  have  been  fluctuating  and 
various,  and  the  words  which  exprefs  it  vague  and  ambiguous. 

The  firft.ftep  that  was  (aken  with  a  view  to  the  cultiva*. 
tion  of  this  branch  of  fcience  was  the  conftru^tion  of  a  ma*  r 
chine  for  meafuring  the  variations  of  fenfible  heat ;  obferving, 
tiiat  iieat  has  the  power  of  expanding  bodies,  and  confidering 

K  r  f  2  ^hfi- 
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the  degree  of  expnniion  as  proportional  to  the  incrcaife  of  b^t,. 

pliilofophcrs  have  endeavoured  by  means  of  the  fonner  to  ren- 
der the  latter  obvious  to  the.  fenfes. 

To  this  important  invention,  the  author  of  which  cannot 
bedilBn^iy  traced,  we  arehidebted  for  ail  the  luccceding  im- 
provements in  the  philofophy  of  heat.    By  means  of  it  xnefi 
were  enabled  to  eibbliHi  a  varietj  of  interesting  £i£f8^  and  to- 
bring  fome  of  the  moft  obfeure  and  intricate  phenonoiena  o^ 
nature  to  the  teft  of  experiment.    The  opinion,  that  rhe  heats 
inherent  in  various  heterogeneous  fubftances  diiK  rcd  from  each- 
other  in  kind,  as  well  as  in  degree,  was  now  exploded,  {met  all. 
were  found  to  produce  fimilar  effects  upon  the  thermomefer.. 
The  increaio  and  diminution  of  temperature  in  the  di^rent' 
feaibns  and  climates,  the  lawa  which  nature  obfems  in  the 
heating  and  coolmg  of  bodies,  the  meliting,  the  vaporfflc,  and 
ihining  points,  and  the  degrees  of  heat  hi  the  animal,  the 
niinerai,  and  the  vegetable  kingdbms,  were  accurately  deter- 
mined.   In  confequence   of  the  attention  that  was  paid  to 
this  fubjedt,  many  curious  queftions  aroi^,  which  have  long 
eitecciied  the  ingenntty  of  philofophers.   That  pns^ertjr  ^ 
heat  by  which  it  is  capable,  of  expanding  the  denieft  and  hafdeft! 
bodies;  its  power  in  producing  fluidity;  ita  tendency  to  an 
equilibrium ;  and  the  cat^  of  its  varbtM  Aftribution  througli* 
out  the  different  fubftances  in  nature,  have  become  the  obie£t:s 
of  philofophical  enquiry.    It  was  obferved,  that  fome  bodies 
on  expofure  to  heat,,  become  red  and  luminous,  but  arc  inca-  i 
pable  of  prodnemg^  flame^  or  of  maintaining  fittr:  that;  on 
the  contrary^  others,  by  the  application  of  fire;  and  the  con- 
tad  of  firefli^air,  kindle  into  fiame,  and  amdfitte  to  emirlight 
aodheat^  apparently  from -afturce  within  themftli^es,  till  they 
a«9  confumed.   Hoice  arofe  the  ^uefUoas  concerning  the  pabu- 
lum 
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Eim  of  fire,  the  ufe  of  the  air  in  inflammation,  and  the  difUnc- 
ikm  o#  bodies  into  combuftible  and  incombufHble. 

Prom  the  firft  dawnings  of  philofophy  it  moft  have  been 
perceived,  thatmoft  animals  have  a  higher  temperature  than 
riie  medium  in  which  diey  live ;  and  that  a  conflant  fucceflion 
of- frefli  air  is  ncccliaiy  to  the  fupport  of  animal  life.  The 
caufes  of  thefe  phenomena  have  afforded  matter  for  much  fpe- 
Culation  in  ancient  as  v^^ell  as  modern  times :  but  the  difcovcrjr 
that  animals  have,  in  certain,  circmnfbnces,  the  power  of 
keeping  themfelves  at  a  lower  temperature  than  the  furrotindtng 
medium,  tWfrfefervedibrthcinduftry  of  thepreient^. 

This  difcovery  fcems  originally  to  have  ariien  fromobferva- 
tlons  on  the  heat  of  the  human  body  in  warm  climates.  It 
was  mentioned  by  Governor  ellis  in  1758  ;  it  was  taught  by 
JOr.  cttLEN  before  the  year  1765  ;  and  at  length  it  was  com- 
^tely  eftabliihed  by  the  experiments  of  Dr.  foroyce  in: 
bdatfed  iXMif  which  weW  hdd  before  the  Society  in  1 774, 

In  the  courfe  thefe  experiments  the  doftor  remained  in  a- 
mo\i\  ail  heated  to  vyf  foi'  tHei  fpacc  of  fifhsenmmutes,  during 
which  time  the  thermometer  under  his  tongue  flood  at  100^, 
his  pulfe  made  139  beats  in  a  minute,  his  refpiration  was  but 
little  afFedled,  and  ftrcams  of  water  ran  down  over  his 
Whol^  bodyi  pt6ceeding  from  the  condenfation  of  vapour,  as 
e^idfetitly'ap|Niaftxl«frddi'.a  iinl^  cdiideniation  oti  the  fide  of  a 
iiortstitifl€  ^  tHat*  hatt'lideri  fiUedWth  ^ter  af  1  oo< 

He  found,  ho^i^r;  that  He  <5ould  beat  a' much  greater 
degree  of  heat  v^^hfert  the  air  Was  dry.  In  this  fitoation,  he 
frequently  fupported,  nnked,  for  a  coufiderablc  time,  without 
mti^  inconvenience,  the  heat  of  260°,  his  body  preferving 
'very  nearly  its  proper  temperature^  being  never  railed  more 
dlan:  a«  abbWtfcfe^iiattm'ilaiidard. 

/  Various 
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Various  opinions  have  been  entertained  with  regard  to  die 
caufes  of  the  fads  which  were  elkbiifiied  by  thefe  experiments; 
Some  have  attribated  the  cold  iolely  to  evaporation,  and  have 
conceived  that  the  fame  degree  of  refrigcratloB  would  have 

been  produced  by  an  equal  mafs  of  dead  matter,  containing  an 
equal  quantity  of  moiilure.  Others  have  affirtncd,  that 
the  cold  did  not  nrife  folely  from  this  caute ;  but  have 
maintained,  that  it  depended  partly  upon  the  energy  of  the 
vital  principle,  being  greater  than  what  would  have  been  pro- 
duced by  an  equal  mafs  of  inanimate  matter. 

The  ingenious  I>r.  MUNKo,  of  Edinburgh,  aCbribes  the  cold 
in  the  above  mentioned  experiments  to  the  circulation  of  the 
blood,  in  confequence  of  which  the  wjinicr  fluids  are  conti- 
nually propelL'd  from  the  furhicc  towards  the  center,  where 
they  are  mixed  with  blood  at  a  lower  temperature,  and  heaoe 
the  animal  is  flowly  heated,  hi  the  fame  manner  as  the  water  m 
a  deep  lake,  during  the  winter,  is  ilowly  cooled,  and  not  with- 
out a  long  continuance  of  froft  congealed  no  part  of  it  becom- 
ing folid  till  the  whole  is  brought  down  to  the  freezing  point 

The  tollowing  experiments  were  made  Witli  a  view  to  deter- 
mine with  greater  certainty  the  caufes  of  the  refrigeration  in 
ihe  above  iuflances. 

To  difcover  whether  the  cold  produced  by  a  living  animal, 
placed  in  air  hotter  than  its  body,  be  not  greater  than  what 
Would  be  produced  by  an  equal  mafs  of  inanimate  matter,  I 
took  a  living  and  a  dead  frog,  equally  moift,  and  of  nearly  the 
iame  hulk,  the  former  of  which  was  at  67^,  the  latter  at  6S  , 
and  laid  them  upon  flannel  in  air  which  had  been  raifctl  to  ic6**. 
In  the  courlc  of  twenty-five  minutes  the  order  of  heatkig . 
was  as  follows 

*  In  the  two  foiknring  eqwrimenti  the  theimraietert  were  ^iced  in  ccfttift 
i»itb  the  ftio  of  the  anunalt  under  the  asUlie« 
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Living  frog. 
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The  thermometer  being  introduced  into  the  flomsich,  the 
internal  heat  of  the.  ainiual:>  was  found  to  be  the  iaiiic  vvicii 
that  at  the  fiirfhce. 

From  hence  it  ajjpears,  that  the  Uving  frog  acquired  heat 
more  flowly  than  the  dead  one.  Its  vital  powers  muft,  there^ 
fbdce*  have  been  adtve  in  the  generation  of  cold. 

To  determine  whether  the  cold  produced  in  this  inftance  de^ 
pended  iblely  upon  the  evaporation  from  the  iur^ce,  increafed 
by  the  energy  of  the  vital  principle,  a  living  and  dead  frog 
were  taken  at  7  j;",  and  were  immerfed  in  water  at  93",  the 
living  frog  being  placed,  in  fuch  a  fituation  as  not  to  interrupt 
lefpimioiu 


£iviog  frog. 
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Thefe  experiments  prove,  that  living  frogs  have  tlie  faculty 

0f  reii^ing  heat,  or  producing  cold^  when  immerfed  In  warm  • 

water:  and  the  experiments  of  Dr.  ~fokdyc£  prove,  that  the' 

liumaa  bod^  hat  the  fame  power  in  a  mokSt  as  well'  as  in  asdiy. 

*  la  the  above  aqmimeot  the  water,  by  tbe  cold  fingt  and  bf  tbo  sgitatioA> 
which  k  fiilined.d«iing  ilidr  inuMrfioD^  vrai  redooed  deafly  to  91*^!. 
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uir:  it  is  therefore  highly  probable,  tiiaC  tbb  power  does  litt 
depend  folely  upon  evapQration. 

It  may  not  be  improper  here  to  obferve,  th^ft  healdiy  frogs, 
in  an  atmofphcrc  abov^  keep  theipfelves  at  a  lower  temp^* 
rature  than  the  external  air,  hot  are  warmer  internally  than 
at  tlie  lurtacc  of  tlu  ir  bodies  :  f  jr  when  the  air  was  77%  a  frog 
was  found  to  he  68 \  the  tlicrmometer  being  placed  in  contaci 
with  the  Ikin  ;  but  when  the  thermometer  \^'a^  introc^u^d  into 
the  Aomach,  it  rofe  to  70*'! • 

It  may  likcwife  be  pro|ier  to  cnetition,  that  a&  aniiq^^f  the 
fame  {pecies  placed  in  water  at  6i\  was  found  to  be  nearly 
61  "I  at  the  furface,  and  internally  it  was  66*'|.  Tbefe  ob- 
jcrvations  arc  meant  to  extend  only  to  hogs  living  in  ;iir  or  | 
water  at  the  commofi  temperature  of  the  atmofphere  in  fum- 
luer.  They  do  not  hold  with  refpe^  to  thoie  animals, 
plunged  fuddenly  into  ^  warm  mediuaii  in  the  preceding 
experiments. 

To  determine  whether  other  ammals  alio  have  the  power  of 

producing  cold,  when  furroimded  with  water  above  the  ton- 

ciaid  of  then  iiatviial  iieat,  a  dog  at  102®  was  iinmerfed  in 
ivater  at  114°,  the  thermometer  being  clofely  applied  to  the 
ikin  under  the  axilla,  and  fo  much  of  his  headbein^  yocovered 
«s  to  allow  him  a  firee  lefpiratioii* 

In  5  numites  the  dog  was  i'o8%  water  11  x"* 

<  -  -  XO9         -  112 

II         -         -       108      -    122  therelpiiatioiL 

having  become  v  ery  rapid. 

In  thirteen  minutes  the  dog  was  io8t%  wat^r  IJ2%  the  rc» 
ipiration  being  iiiil  more  rapid. 

In  about  half  an  hour  the  dog  waai09%  water  t.fs%  the 
aaimal  was  then  in  a.  veiy  iansoidfliitik 
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JSmall  quantities  of  blood  being  drawn  from  the .  femoral 
artefy,  and  from  a  contiguous  vdn,  the  temperature  did  not 
ieem  to  be  much  increa(ed  abo^re  the  natural  fbndard,  and  the 
fenfible  heat  of  the  former  appeared  to  be  nearly  the  iame  wiih 
that  of  the  latter. 

In  this  experiment  a  remarkable  change  was  produced  in  the 
appearance  of  the  venous  blood :  for  it  is  well  known,  timt  in  the 
natural  ftate,  the  colour  of  the  venous  blood  is  a  dark  red»  that 
of  the  arterial  being  light  and  florid ;  but  after  the  animal,  iti 
the  experiment  in  queftion,  had  been  inunerfed  ib  warm  water 
for  half  an  hour,  the  venous  blood  afihmed  very  nearly  the  hue 
of  the  arterial,  and  refembled  it  fo  much  ia  appearance,  tJiat  it 
was  difficult  to  diftinguifh  between  them.  It  is  pruj^cr  to  ob- 
ferve,  that  the  animal  which  was  the  fuhicifl  of  this  cxperi- 
ment,  had  been  previoufly  weakened  by  iofing  a  conilderable 
quahtily  -of  blood  a  few  days  bcfc^re.  When  the  experiment 
was  repeated  with  dogs  which  had  not  fiiiiered  a  Similar  evacua- 
tion«  the  change  m  the  colotir  of  the  Venous  blood  was  more 
gradual ;  but  in  every  infbuce  in  which  the  trial  was  made, 
and  It  was  repeated  fix  times,  the  alteration  was  lb  remarkable, 
that  the  blood  whicli  was  taken  in  the  warm  bath  could  readily 
be  diftinguifhcd  from  that  which  had  been  taken  from  the  fame 
vein  before  immeriion,  by  thofe  who  were  unacquainted  with 
the  motives  or  circumflances  of  the  experiment. 

difoover  whether  a  iimilar  change  would  be  produced 
in  the  colour  of  the  venous  blood  in  hot  ^r,  a  dog  at  102^  was 
pkced"  inf  air  at  1 34^ 

In  ten  minutes  the  temperature  of  the  dog  was  104*!,  that 
of  the  air  being  1 30.  In  fifteen  minutes  the  dog  was  106%  the 
air  1 3o^   A  fmall  quantity  of  blood  was  then  taken  from  the 
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jugular  vein,  the  colour  of,  which  was'  fenfibly  altexed,  being 
much  lighter  than  m  the  natural  ftate. 

The  which  is  produced  by  external  heat  upon  the  co- 
lour of  the  venous  blood,  feems  to  confirm  the  following  opiniooy 
,  which  was  firft  fuggefted  by  my  worthy  and  ingenious  friend 
Mr.  WILSON,  of  Glalgow.  Adinkting  tliat  the  kjiluic  heat  of 
animals  depends  upon  tlic  Icparation  of  abiolute  heat  froni  the 
blood  by  means  of  its  union  with  the  plilogiilic  principle  in  the 
minute  veflels,  "  may  there  not  be  a  certain  temperature  at  which 
that  fluid  is  .no  longer  capable  of  combining  with  phlogiAoo, 
and  at  which  it  mu(i  of  cpurfe  ceafe  to  give  off  heat }  It  was 
partly  with  a  view  to  invefligate  the  truth  of  this  opinion  that 
1  was  led  to  make  the  experiments  rccltcd  above. 

I  fhall  now  endeavour,  from  the  preceding  facls,  to  explain 
what  appear  to  me  to  be  the  true  caufes  of.  the  cold  produced 
by  animals  when  placed  In  a  medium,  the  temperature  of  which 
is  above  the  flandard  of  their  natural  heat. 

In  a  work  which  Ifome  time  ago  laid  before  the  public,  hav* 
in  g  attempted  to  prove,  that  animal  heat  depends  upon  the  repa- 
ration of  clcn.Lntary  fiic  i.om  the  air  in  the  procefs  of  refpira- 
tion,  I  obfcived,  that  when  an  animal  Is  placed  in  a  warm 
medium,  if  the  evaporation  from  the  lungs  be  increafed  to  a 
certain  degree,  the  whole  of  .the  heat  feparated  frOm  the  air 
will  be  abibrbed  by  the  aqueous  vapour* 

From  the  experiments  on  venous  and  arterial  blood,  redted 
in  the  third  iedbn  of  that  work,  it  appears,  that  the  capacity 
of  the  blood  for  containing  heat  is  fo  mucli  augmented  in  tiie 
lungs,  that,  if  its  temperature  were  not  fupportcd  by  the  heat  i 
which  is  feparated  from  the  air,  in  the  procefs  of  refpiration,  it 
would  link  30"*.  Hence,,  if  the  evaporation  from  the  lungs  be  fo 
much  increafed  as  to  carry  off  the  whole  of  the  heat  that  is 

detached 
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detached  from  the  air,  the  arterial  blood  when  it  returns  bj  the 
puhnpnaiy  vein  will  have  its  Alible  heat  greatly  diminifhed, 
and  will  coniequently  ab^cbheat  from  the  veflels  which  are  in 

contaft  with  it,  and  from  the  parts  adjacent.    The  heat  which 
is  thus  abforbed  in  the  greater  vcfl'cls  will  again  be  extricated 
in  the  capillaries,  where  the  blood  receives  a  frefli  addition  of 
phlogidon.    If,  in  thefe  circumftances,  the  blood  during  each 
revolution  were  to  be  equally  impregnated  with  this  latter  prln*. 
ciple,  it  is  manifeft,  that  the  whole  efie£k  of  the  above  proceis 
would  be  to  cool  the  fyftem  at  the  center,  and  to  heat  it  at  the 
furfece ;  or  to  convey  the  Tieat  to  that  part  of  the  body  where 
it  is  capable  of  being  inftaiitly  carried  off  by  evaporation.  But 
it  appears,  from  the  experiments  which  have  been  laH:  recited, 
that,  when  an  animal  is  placed  in  a  heated  medium,  the  fan- 
guineous  mafs,  during  each  revolution,  is  le/s  impregnated  with 
phlogifton ;  for  we  have  feen,  that  the  venous  blood,  in  thefe 
circumftances,  'becomes  gradually  paler  and  paler  in  its  colour 
till  at  length  it  acquires  very  nearly  the  appearance  of  the  ar- 
terial :  and  it  is  rendered  liighh'  probable  by  the  experiments  of 
Dr.  PRiESTi-EY,  that  the  d  ii  k  :iiul  livid  colour  of  the  blood  in 
the  veins  depends  upon  its  combination  with  phlogifton  in  the 
minute  veflels.  Since,  therefore,  in  a  heated  medium,  this  fluid 
does  not  affume  the  fame  livid  hue,  we  may  conclude,  that  it 
does  not  zxtrzBi  an  equal  quantity  of  the  phlogiftic  principk^ 

•  It  is  of  no  confcqt:cnce  in  the  aliovc  argtimenr,  whether  wc  fuppofe,  with 
Dr.  FRiE^TMY,  that  the  iltt-Mtio:!  <A  colour  in  the  blood  dcpe«ds  upon  its  com- 
bination v^ith  phlogiiloa  in  the  capillary  arcerici,  or  . maintain  ivith  feme  other 
phUofophert  that  this  alteration  artfet  from  a  change  prodtteed  in  the  blood  itielf  hj 
the  a^ioa  of  the  veflcli ;  it  it  fiiflicietit  for  our  purpofe  to  afiuuie  it  ai  a  iad,- 
whieli,  I  think,  has  been  proved  by  direft  expenment,  that,  in  the  aatural  date' 
/>f  the  animal,  the  blood  undergoes  a  change  in  tlie  capiUaries,  by  which  itt  capa- 
city for  containing  heat  diminiflied  j  and  that  in  a  heated  medium  it  doca  not 
wdergft  a  fimiiar  chuner. 

S  f  f  a  It 
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It  follows,  that  the  quantity  of  lu  at  given  off  by  the  blood 
In  the  cnpillaiies  will  not  be  equal  to  that  which  it  had  al>- 
ibrbed  in  the  greater  veflebv  or  po^tive.  cold  will  be  proved. 
If  the  blood,  for  exarople»  in  its  paflage  to  the  capillaries,  ab» 
forb  from  the  greater  veflHs  a  quantity  of  heat  as  30",  and  if 
in  confequence  of  its;  recervitig  a  lefs  inipicgnation  of  phlo- 
ghlon  than  formerly,  it  give  oil  at  the  extrenie  veflels  a  quan- 
tity of  heat  only  as  20",  It  is  mnnifeH:,  that  upon  the  whole  a 
degree  of  refrigeration  will  be  produced  as  i  o",  and  this  cauif 
of  refrigeration  will  continue  to  ad  while  the  venoua  blood  is 
gradually  afiuming  the  hue  of  the  arterial,  till  the  dx&reoce 
between  them  is  obliterated ;  after  which  it  will  ceafe  to  ope- 
rate.   Thus  it  appears,  that  when  animals  are  placed  in  a 
warm  medium,  the  fame  proccls  uLich  formerly  fuppUed 
them  witlft  heat  becomes  for  a  time  the  inftrument  of  pro- 
ducing cold,  and  probably  prelerves  them  from  foch  rapid  alte- 
rations of  temperature  as  might  be  fatal  to  lite. 

Upon  the  whole,  the  increafed  evaporatbn,  the  ditnimitioii 
of  that  power  hj  which  the  blood  in  the  natural  fbte  is  tin* 
prcgnated  with  phlogifton,  and  the  conilant  reflux  of  the 
heated  fluids  towards  the  int  ;r:ial  parts,  fcem  to  be  the  great 
caufes  upon  which  the  refrigeration  depends.  Having  found 
that  theattradion  of  the  blood  to  phlogiftpn  was  diminifhcd  hj 
heat,  it  appeared  probable,  on  the  other  hand,  that  it  would  be 
increafed  by  cold.  To  determine  this,  a  dog  at  joo*  was  im- 
merfed  in  water  nearly  at  45^.  In  about  a  quarter  of  an  hour 
a  fmall  quantity  of  blood  was  taken  from  tlie  jugular  vein, 
which  was  evidently  much  deeper  in  its  colour  than  that  which 
had  been  taken  in  the  warm  bath,  and  appeared  to  me,  as  well 
as  to  feveral  other  gentlemen,  to  be  the  darkefl  venous  blood 
we  had  ever  feen. 
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From  this  ezperimeDt,  compared,  with  thoie  which  have 
been  recited  above,  we  may  percwve  the  reafon  why  animals 

prciLTVc  an  equal  unijjci  atuic,  notwithftanding  the  great  varia- 
tions m  the  heat  uf  the  atmofpliere,  aritini^  from  the  vkifli-' 
tudes  of  the  weather,  and  the  didbrencc  of  ieafon  and  climate : 
for,  as  fbon  as  by  cxpofare  to  external  cold,  an  nnufual  difiipa- 
tion  of  tht  vital  heat  is  produced,  the  blood,  in  the  courfe  of 
the  circulatioti^  b^nsto  be  moie  deeply  impregnated  with  the 
phlogiflic  principle*   It  will  therefore  furnifli  a  more  copious- 
fupply  of  this  principle  to  the  air  in  the  lungs,  and  will  imbibe- 
a  greater  qu.»ntity  of  fire  in  return. 

In  fummer,  on  the  contrary,  the  reverfe  of  this  will  take 
place,  lefs  phlogifl;on  will  be  attra£ted  in.  the  minute  vefiels,. 
and  lefs  Ere  will  be  abibrbedfrom  the  air. 

And  heooe  the  power  of  generating  heat  is  in  all  cafes^  pio* 
•  portipnedrto  the  demand.   It  is  increafed  by  the  winter  colds,, 
diminiihed  by  the  fummer  heats  i  it  is  totally  fufpeiided  or  con*^ 
verted  into  a  contrary  power,,  according  as  the  esigeuctes  of  the- 

aainial  m.^y  require. 

From  the  clianges  which  are  prndticed  in  the  colour  of  the 
venous  blood  by  heat  and  cold,  we  may  likewife  perceive  the 
reafon  why  the  temperature  of  the  body  is  frequently  increafed* 
by  plunging  fuddenly  into  cold  water,  and  why  the  warm  bath; 
has  fuch  powerfol  effects  in  cooling  the  iyilem,  and  in  rembvins; 
a  general  or  partial  tendency  to  inflammation* 
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XXXII.  Account  tf  a  Gmiet.   By  Mr.  Herfchel,  R  R.S,;  ' 
communifdicd  by  Dr^  Watibi^y  jfun,  of  Bath,  F.  R, 


ON  Tuefday  the  13th  of  March,  between  ten  and  eleven 
in  the  evenings  while  I  was  examining  the  foiaU  ibrs  in^ 
the  neighbourhood  of  H  Geminorum,  I  perceived  one  that  ap- 
peared vifibly  larger  than  the  reft :  beings  ftnick  with  its  tincom- 

mon  magnitude,  I  compired  it  to  H  Genimoiuai  and  the  fmall 
flar  ill  the  quartlle  between  Aurl^^a  and  Gemini,  aud  hiiding  it 
fo  much  larger  thau  either  of  them,  iufpecled  it  to  be  acdmet. 

I  was  then  engaged  in  a  feries  of  obfervations  oh  tlie  p^nliax 
of  the  fixed  ibrsy  which  \  hope  foon  to  have  the  honour  of 
laying  before  the  Royal  Society ;  and  dio(e  obCervations  reqtmiog 
very  high  powers,  I  had  ready  at  hand  the  (everal  magnifien 
of  2  2^,  460,  932,  1536,  2010,  &c.  all  which  I  lidvc  fuc- 
cefsfully  ufed  upon  that  occafion.    The  power  I  had  on  when 
I  firll:  faw  the  comet  was  227.    From  experience  I  knew  that- 
the  diameters  of  the  fixed  (lars  are  not  proportionally  magnified 
with  higher  powers,  as  the  planets  are ;  therefore  I  now  put  on 
the  powers  of  460  and  932,  and  found  the  dtamettr  of  the 
comet  increafed  in  proportion  to  the  power,  as  it  ought  to  be, 
on  a  luppofition  of  its  not  being  a  fixed  ftar,  while  the  dia- 
meters of  the  flars  to  which  I  compared  it  were  not  increaied 
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in  the  fame  ratio.  Moreover,  the  comet  being  magni£ed  mucb 
beyond  what  Its  light  would  admit  ofy  appeared  hazy  and  ill- 
defined  with  theie  great  powers^  while  the  fiars  preiierved  that 
luftre  and  diftin£)nerft  which  from  many  thoufand  obiervations 
I'  knew  they  wontd  retain.  The  iequel  has  (hewn  that  my^ 
furmifes  were  well  founded,  this  proving  to  be  the  Comet  we 
havu  lately  obferved. 

I  have  reduced  ail  my  obfervations  upon  this  Comet  to  the 
following  tables.  The  fir  ft  contains  the  meafures  of  the  gra- 
dual increaie  of  the  Comeths  diameter.  The  micrometers^  I; 
ufed,  when  every  drcumibnce  is  favourable,  will  meafure  ex- 
tremely fmall  ang^y  luch  as  do  not  exceed  a  few  ficends,  true 
to  6,  8»  or  10  thirds  at  inoft ;  and  in  the  word:  fituations  true 
to  20  or  thirds  i  I  have  therefore  given  the  mea&res  of  the 
ComcL'^j  diameter  in  Iccoiids  and  thiiuo.  And  the  parts  of  my 
micrometer  being  thus  reduced,  I  have  alfo  given  all  the  reft  of 
the  meaiures  in  the  iiune  manner ;  though  in  large  diftances^ 
fuch  as  one,  two*  or  three  minuteit  £>  great  an  exa^lneii^^  ior 
ievetal  reaibhs^  is  not  psetended  to* 
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Having  meafurcd  the  diameter  of  the  Comet  with  fucli 
high  power  as  932  and  460,  it  may  not  be  atnils  to  make  one 
•observation  on  this  fubje£t»  left  ic  ihould  be  miiappieheoiled 
that  I  prdtend  to  a  diftiad^powerof  foch  magnkade  upon  all 
cdefthl  otjedft  in  geh«raL  •  Bf  experience  I.  have  fyand^  that 
the  aberratioii  or  indiftin^hiels  oocaiioned  .by  magnifying  mocfa, 
provided  the  obje6!fc  be  ftill  left  fufficiently  diftinft,  is  rather  to 
be  put  up  with,  than  the  power  to  be  reduced,  when  the  angles 
to  be  meafured  are  extremely  fmall.  The  reafon  of  this  may, 
perhaps,  be  that  a  fmall  error  of  jadgement,  to  which  we  are 
always  liable,  is  of  great  coniequence  with  a  low  power,  as 
bearing  a  oonfiderable  proportion  to  the  diameter  of  the  object ; 

•  There  areieveral  optica!  decfptlons  which  may  afTe^t  the  meafures  of  objcd* 
that  fubtend  extremely  imall  angles.  Thus  I  have  found,  by  experience,  that  a 
very  fmall  objed  will  appear  fomething  lefs  in  a  telefcope  when  we  fee  tt  firft  than 
when  become  familiar  with  it.  There  is  alfo  a  deflection  of  light  upon  the 
wires  when  they  are  nearly  fhut ;  but  as  none  of  thefe  deceptions  are  wdl 
eoough  underilood  to  apipl/  a  corre^loD,  1  leave  tbem  affcdcd  with  them. 

whereas 
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whereas  with  a  higher  power  the  proportion  of  this  error  to 
the  whole  heoomesmtiel)  lefs,  and  tlie^meafure  more  exa<^,  mn 

after  we  have  made  allowance  fur  a  hiiall  additional  error  occa- 
fioned  by  the  want  of  that  perfe£t  dlilinclncis  which  is  required 
for  other  purpoles.  However,  to  enter  deeply  into  an  expla- 
nation of  this  would  lead  me  to  fpeak  of  the  caufes  of  the 
aberration  of  rays  in  the  focus  of  an  objed  fpeculum,  of 
which  there  are  fome  that  are  feldom  takeii  into  conlideratidh 
by  opticians,  and  indeed  are  fuch  as  cannot  be  calculated ;  but 
this  not  being  my  prefent  purpofe,  fuffice  it  to  obferve,  that 
the  method  is  juftified  by  experience. 

When  the  diameter  of  tlic  Comet  was  iDcrealed  to  about  4", 
)  thought  it  adviiable  to  leflen  the  power  with  which  I  mea- 
fured ;  and,  as  I  made  ufe  of  two  difiereUt  micrometers,  as 
weii  as  "cy^^ii^Bttf  ( took  a  meaiiire  with  hoth  of  them^  7he 
agreement  of  the  micrometers  to  9'''  is  no  (iaall  proof  pf  t{ie 
goodnefs  of  the  obfervations  of  the  aSth  of  March,  and  very 
properly  connects  the  meafures  of  t)ic  high  powcts  with  tholi 
chat  were  made  with  a  ay. 


Vc^L.  LXXI. 
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TABLE  n.  Diftance  of  the  Comet  friiacfrta^.S(^e{co£%5i^ 
Ihrswhkh  lhave  marked  ^  0^.  y,  «^  ^ 


D.  H.M 

Mflr.13  10  30  from 
1711    o  fig.  I 

itf     7  2 

—  9 

—  10  55 

19    7  ^ 

—  10  4a 
21  10  0 


24  8  12 
—  10 

25  7  24 

^  9  47 

26  10  43 
z8  7  46 


S8  t.g 


irom 
.  2. 


29  8  50  from  y. 

30  7  is  fig.  3. 


2  48       bv  prcttv  ex9(\  eft'rr?t- -sr  tme  ro  -^o'V^'^^ 

Q  41  58  b/  liic  iuicis^UKter  aiiiu j^o«cr^2^  oMM^ 

I  4O  40'  ■ 

I  51  23.  ;         -)-ri;  £/->obfli  brw 


6    8  50  from  ^. 

fig.  4. 


16 


10  18 
7  50 


—    8  50  t  roiii  ^, 


»9  8  38 


trom  1. 
fig-  5' 


fig. 


2  55  39  true  to  4  or  5",  an  indi^rcnt  obfcrtTirioo^ 

2  14  18  •    ;  'klK|iT<» 

1  48    3  Urac  to  2  or 3",  # 


2  20  5 1  true  to  2'  .  .  . 

I  28  48  true  to  2  or3'\ 


2  SI  aj- 


4  27  57  eltimntctl  by  the  field,  true  to  5  or  6' 

3    9  14  by  the  micronjctcr,  true  to  3  or  4"" 

2  50  5j5  true  to  3  or  4". 

*        ^jmcan  2'  17' 

3  »5  57  J  ' 


true  to  1    or  I 


2  24  5? 

325  true  to  3  or  4^'. 


XIm  figurcf  are  dvawa  npon  a  fcale  of  80  fccoodi  to  one  iocli* 
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TABLE  III.  Angle  of  pofition  of  the  Comet  wkh  regard  to  the 
parallel  of  .clecIiaatioD  of  tho  fiime  teleCbopic  fixed  ftars  tnea* 
fured  by  a  micrometer,  of  which  I  have  given  thedefcrip- 

•  tion,  ai»d  a  magnifying  power  of  2j8.    Sec  fig.  i.  2.  j.  4. 

5-6.    .  . 


—  9  24 

L  *• 

'.» -.    »-  i 

]  by  fupcrficial  eflimation.  li]^t»-in  ttipr 

'  ^'^'^  I    of  JO  or  12  degrees, 

89  56  by  the mifwmW^.'jdT  .P-.  -  Ij  J  * 

5^  39             ^  _f,         „r,  T-v,  ,  ..  ,^ 

4?  33  true  to  t  .  j.v 

1 1  46  tXifi  to  4  or 

^     a  A   8  a3 

^  nfl  .7  33 

^           9  55 
46  lo  55 

...    ^  .7  5! 

Coiucc, 

A  ^  Comet. 

H  y  Comet, 
Ay€laiiiet, 

.....   ....  „,         ■  -—     ■         KH.    '  M.        i  ■!■ 

38  3y  true  to  t  ov  y.              ,  , 

53  •*8                                  «»,.     ,  ii"»"t 

56  3a  Jiiblfrto  a  conlUerablc  error*' ' 

87   0  tmc  to  4  or  ^.              .l  j!>:l!t^  tUJ/ri 

 —             1       1  ,      ,  I  t 

32  19  tnicto  I  or  a'*^.!!);               u>".'.  '^qi; 
72  14  WJ0  3or4V  ^ruidir 

0.  -  ■'  .0  8  .^B 

fig- 4* 

« 

15  10  27 

16  8  I 

—  10  55 
8  31 

•  .;r  ^^^^ 

Bi  Comet, 
fig.  5. 

A  1  Comet 

29    9  true  to  2  or  3^ 
50  47  true  to  1 1  or  i"*!. 

B  f  Cotnet, 
A<  Comet, 

-  Tom 

82  39    '  '    3fi^-^"^  y  J  v^x;fl  Ifiii)       1:  1; 

*'  ^  *''Thcane]eaare  dra^vn  true  to  themeafare.  without  nilowlDgior  errors. 

Ttt*  M/fceU 
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Mtfielkmws  objenmtiant  amd  ranarks. 

March  19.  The  Comet's  apparent  motion  is  at  prefent  2| 
ieconds  per  hour.  It  moves  according  to  the  order  of  the  iigns, 
and  its  orbit  declines  but  very  little  from  the  ecliptic. 

March  The  apparent  modoii  of  the  Comet  is  aeceie> 
iradng,  and  tt$  apparent  diameter  feema  to  ht  incteafbg. 

March  28.  The  ^iameCer  b  cttrtabljr  incteafed;  fiom  whkk 
we  may  conclude  that  the  Comet  approaches  to  u». 

April  2.  This  eveaing  nt  8  h.  15'  the  Comet  was  a  little 
•  above  the  line  drawn  from  ij  to  5  in  fig.  7,  This  figure  isoaly 
delineated  by  the  eye,  fo  that  no  very  great  exa<5>!icfs  in  tli 
diftanqpa  of  the  fiara  is  to  be  expected  ;  bui.L  i^U  take  the 
firft  qsportapity  of  neafunng  chei^  xie(p^ve  iitiHtiooa  h$  the 
snidometer*  .  i>. '  ^    •  t 

April  6.  With  a  magnifying  power  of  278  times  the  Comet 
appeared  perfe£^ly  iharp  upon  the  e<%es,  and  extremely  well 
defined,  without  the  leaft  appearance  of  any  beard  or  tail. 

Ajnii  16.  Fig.  8.  reprefents  the  fituation  of  the  Comet  tbii 
evening  about  nine  o'clo^  aAd  Is  only  an.  qre^dia^ght  the 
teleicopicibra. 


Rttnarki  fm-the  path  of  tbe  Comity 

We  may  obferve,  that  the  method  of  tracing  out  the  path 
of  a  celeilial  body  by  taking  its  diibmce  froca  certain  ftars,  and 
the  angle  of  poTition^  with  regard  to  them,  cannot  be  expeded  te 
give  11$  a  compleatly  jyft  jtcyifffegitatioa  pf  the  tiaft  it  defGiabes,  : 
iince  even  the  mo/Bt  careful  obienrationa  aic  liaUe  to  little 
both  from  the  letnamingWperft^iona  of  inifaii^^  thon^ 

tiiey 


Digitized  by  Google 


if  a  Contft, 

they  fTiould  be  the  moft  accurate  that  can  be  had,  and  from  the 
difficulty  of  taking  angles  and  potitioas  of  objeds  in  motioii. 
Add  to  this  a  third  caiife  of  error,  natnelj,  the  obfcuntj  of 
«eiy  Iffiall  tdefoopicftars  that  will  not  permit  the  field  of  v\em' 

fo  well  to  be  enlightened  as  wc  could  wiih,  in  order  to  fee  the 
threads  of  the  micrometer  perfe^flly  diftinfV. 

This  will  account  tor  the  apparent  diftortions  to  be  obferved 
In  my  figures  of  the  Comet's  path.    Some  little  irregularit/ 
therein  ttiayaHb'ptcceed  fiom  different  refradions,  as  they  have 
nbt  been',  tdten  info  accmmt,  though  the  obiervations  have 
been  made  at  vety  diiierent  altitudes,  where  coniequently 
the  refradUons  muft  have  been  very  different.    But  though, 
this  method  may  be  liable  to  great  inconveniences,  the  prin- 
cipal of  which  is,  that  many  pnrts  of  the  heavens  are  not  fuf- 
ficiently  ftored  with  fmall  ftars  to  give  us  an  opportunity  to » 
jomfym  from  them,  yet  the  advantages  are  not  lefs  remarkable, 
.tribiia  weieethal  itcnaUed  mm  to  diftinguiih  the  quandly  and- 
dixefd^  of  the  motiob  of  tbii  Comet  tna  (ingle  day  (from  the 
iBth  to  the  19th'  of  Mareh)*to'«  niuch  greater.degree  of»  exad* 
jiefs-than  could  have  been  done  \i\  lo  Ihort  ii  time  by  a  fe^tor  or.' 
transit  inftrument ;  nay  even  an  hour  or  two,  we  i&e^  were  in- 
tiesval&  long  enough  to  (hew  that  it  was  a  moving  body,  andl 
GOi^ieqiientljy.luMiitStiize  not  |)ointed  it' out  as  a  Cornet^  the 
chants  of  place,,  though  ib  Srtfiing  as  ai  feoonds^  hoor^. 
vrcrqld  have  been; fuffieient  lo^occafion  the  difooveiy.   A  gen- 
tleman very  well  known  for  bis  lemarkafalefticoefs  In  d^te^ing  . 
Comets  *  feems  to  be  well  aware  of  the  diflficuhy  to  difcover  a. 
motion  in  a  heavenly  body  by  thecommoa  methods  when  it  is 
fb  very  fmall ;  for  in  a  letter  he  favoured  me  with,  fpeakiog  of' 
the  4J?oinet,  lie  iays:  ^  Rien  nVtoic  plus  difficile  que  de  la 
f*-  yetooqltfc  el  je tte pw  p» qopecfoig commcBt 9atU ^pit t 

"revenit, 


^pp  Mr.  hrrschel' i  Account 

**  revetilr  pluiieijtv  fois  fur  ^ctte  ^ile  ou  f^omite ;  car  abfolv* 
•«  mentUa  fallii  IWerver  pluficiirs  jouM  4ft;Jfuit«,poiw 

.**  per^evoir  qu'elle  avoit  un  mouvement."- 

T  need  not  fay  that  I  merely  point  this  out  as  a  temporary 
advantage  in  the  method  I  have  taken  ;  for  as  loon  as  we  can 
have  regular,  conftaiit,  aiid  loiig  continued  obicrvations  by 
fixed  inilnimenU,  the  excellence  of  them  is  too  well  known  to 
Tay  any  thing  upon  that  fubjed  ;  •  for  which  iseaToa  1  titled  not 
\o  give  immediate  notice  of  thi$  moving  (bir»  and  was  happy  to 
Vuncnder  it  to  the  care  of  the  Aftronomcr  Roy^  and  others,  u 
loou  as  I  found  they  had  bcguu  their  obfqrvations  upon  it.  ; 

4 


DifcripUon  of  a  micrmeitr  for  taking  the  an^le  of  f^tion^  \ 

FIG.  1.  Reprelents  the  micrometer incloied  in  a  turned  cafe 
of  wood,  as  it  is  put  together,  ready  to  be  ufed  with  the  teie- 
Icope.  A  is  a  little  box  which  holds  the  eye-glafs.  B  is  the 
pim  .which  cdvers  the  infide  work,  and  tlie  box  A  te  QsamtA 
tntp  it.  C  is  th0:body  of  the  micrometer  contalming  the  bnfi 
wOrk,  (hewing  .'the  *index  plate  a  proje^ng^at  one  fide,  where 
the  cafe  is  cut  away  to  receive'it.  D  is  a  piece,  having  a  fcrew 
b  at  the  bottom,  by  means  of  whlcli  the  micrometer  is  fallened 
to  the  telefcope.  To  the  piece  C  is  given  a  circular  motion,  itt 
the  manner  the  horizontal  motion  is  generally  given  to  Grc- 
igorian  refie6lors,  by  the  lower  part  going  througK  the  piece  D, 
jirhere  at  is  held  by  the  fcrew  £,  which  keeps  the  two  pkeei 
C  and  D  together, rbut  leaves  them  at  lihdlT^'ta  ttim  npon 
each  other..     •  •  /  .  ?  yi".  ;  ^  .        ^  • 

Fig.  II.  Is  a  fedion  of  the  cale  containing  the  hrafs  work, 
fv  here  may  be  obfervcd  the  piece  B  lioUowcd  out  to  receive  the 
3  .   .  /*.  •  box 
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of  a  Cvmef.  t 

box  A,  whicli  confifts  of  two  pnrts  iiiclofing  the  eye  lens.  This 
figure  alio  (hews  how  the  piece  C  pafl'es  through  D,  and  is  htU 
by  the  ring  £ :  the  brafs  work,  confifting  of  a  hollow  cylinder^ 
a  wlieel  and  ptnion,  and  index  plate,  h  there  reprefented  in  its 
place.  F  is  the  body  of  the  brafs  work,  being  a  hollow  cylin- 
der with  a  broad  rim  c  at  the  trpper  end  y  this  rim  is  p:\n\v 
turned  away  to  n^akc  a  bed  for  the  wheel  J,  The  pinion  e 
turns  the  wiiecl  t/,  and  carries  the  index  plate  a.  One  ot  its- 
pivots  moves  in  the  armf^^  fcreweJ  upon  the  upper  part  of 
which  arm  ferves  alfo  to  confine  the  wheel  J  to  its  place 
upon  e.  The  other  pivot  is  held  by  the  arm  g  failened  to  P. 
:  fig.  IIL  U.arplai^Qf  the.  bra^  work...  The  wheel  which 
U  m  the  form  of  a  ring,  is  laid  upon  the  upper  part  of  P  or  r, 
iiiid  licld  by  two  fraail  arms  jf  tud  ferewcd  down  to  e  with- 
the  Icrews  /, 

.   Fig.,iV*  Is  a  plan  of  the  brafs  work.  is  the  wheel 

placed  upon  the  bed  or  pocket  of  the  rim  of  the  cylinder  c, 
fi»d  is  held  down  by  the  two  piecM ft  which  M  iciewed  upon 
f^  e.  The  piece  f  projeda  over  the  center  of  the  index  plate 
t0  receive  the  upper  pivot  of  the  pinion  m,  is  the  fixed  wire 
faftened  to  c,  o,  the  moveable  wire  faftened  to  the  annu- 
lar wheel  J,  d.  The  index  plate  a  is  divided  into  60  parts, 
6ach  fub'divide^d  into  two,  and  milled  upon  the  edge.  When 
the  fipger  is  drawn^  oveip  the  milled  edge  of  the  index  platQ 
from  f  towardar,  the.  angle  0,.  will  opeii,  ai^d  if  drawn, 
fiom  r  towards  f ,  it  will  (but  again.  The  ca&  C,  C,  muft 
lnQve  a  fiwrp  comer  /,  which  iecves  as  a  hand  to  poin  out  the 
Uiviiiop  ou  the  index  plate» 


[  5«»  1 


XXXIII.  A  Letter  from  Jofcph  Wlllard  to  the  Rev,  Dr. 
Maikelyne,  Ajironoiner  Royal^  concerning  tbt  Lmf^itudA  ^ 
Cambridge  in  New  England* 

Read  Jul^  5,  z^Si. 

TH£  dtl&tetice  of  meridians  betvmn'  Greenvkii  sad 
Cambridge  has  bein  gciiendly  reck^ed  '4h.  44'.  Thk 

was  what  tlic  late  Dr.  winthrop  made  ulc  of;  but  I  do 
not  find  that  he  determined  it  bv  a6^:ual  obfcrvations,  made  by 

•  him  at  Cambridge,  compared  wkh  corrciponding  ones,  made 

■«t  the  Royal  Obfervator/ at  Greenwich.  It  appean*  that  in 
1 769,  at  the«tiine  of  the  tranlit  of  Venus^  the  dodor  ym  M 

'  entirely  certain  ofrthe  longitude  of  Cambridge.  He  niebtioOed 
4h.  44'  as  near  the  truth;  but 'for  better  fixing  it,  he  gafd 
feveral  of  his  obicrvations  of  the  cclipfes  ot  Jupiter's  latdlitcs 

•to  be  compared  with  thofe  made  at  (rreenwich  *,  but  there  were 
too  few  correfponding  ones  to  determine  the  point  with  preci* 
fion  I  and  as  moclern  afbonomers  do  not  make  abfblute  depeii* 

I 

detice  upon  the  di&rence  of  meridiant  deduoedfimii  the  epli|4ea 
of  Juptter^s  £iteUttea»  nrilefa  there  has  been  •<  fines  of  obdbm 
rations,  both  of  immeriions  and  emerfions,  I  hsre  wlAcsd  tk 

fiind  fome  obfervations  of  folar  cclipfes  and  occukations  of  IVxed 
ftars  by  the  moon,  made  at  Cambridge,  of  which  correfpond- 
ing ones  were  made  at  Greenwioi)*    I  have  met  with  no  obfer- 
^vations  of  occultations  mado4>7.i}r.  wiktbiiop;  but  a  folar 
1  cdtpie 
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of  Cambridge  m  New.  Engiatid.-  503 

ecUpie  was  obierved  by  him  and  feveral  other  gcntk^meti,  at . 
his  houfe,  Auguft  5,  1766,  at  which  I  was  prafent  and  afiift- 
ing,  being  then  a  reridciiL  graauate  at  Harvard  Co] Kgc  :  thi^ 
eclipfc,  Sir,  I  find  tliat  you  obfeivcJ  at  (  Greenwich.  vour 
oblervations  in  tiic  printed  volume,  a  copy  of  which  the  Rov;.l 
Society  was  fo  generous  as- to  fend  to  Harvard  College,  whicii 
was  received  the  lad  fprtng^  and  for  which  the  College  Is  very 
grateful,  I  find  the  beginning  of  the  eclipfe  was  il*en  by  you 
at  5l>.  29'  56"P.M.  and-the  end  at  7  h.  27"  P.M.  [  j  ar^nt 
time.  At  Dr.  winthrop's  houfe  at  Can.ii.i  ivl^t ,  I  it.  42  2s' 
N.  the  beguming  of  this  eclipfe  was  ouKinoJ  at  i  i  h.  ^  /  23/ 
A.M.  and  the  end  at  2  li.  45'  9"  P.M.  apparent  time.  Allow* 
ingfbrthe  fpheroidal  figure  of  the  earth,  and  gf>ing  through, 
the  paralk&ic  calculations  and  dedtt^ioiis»  1  find  the  difference 
of  meridians  between  Greenwich  and  Cambridge,  by  the  ob- 
iervations  of  thisechi^e,  tt>be  4h.  44.'  %x". 
•  In  the  tranfit  of  Venus,  in  1769,  the  internal  con  tad  was 
obfervcd  by  Dr.  winthrop  at  2  h,  47'  30'  apparent  time,  and 
by  Mr.  hitchins,  at  the  Royal  Obfervatory,  at  7h.  28'  57" 
apparent  time.  Allowing  the^  fun's  parallax  oa  the  day  of  the 
traniit  to  be  8^^,318^  ^  by  calculation  from  thefe  obferva** 
i^s,  that  the  diderence  of  meridians  betwetea-  Greenwich  and 
Cambridge  18411.44'  \%*'.  The  ceafoa  of  my  taking  Miw 
HiTCHiNs's  obfervation  is,  your  faying,  that  the  telefcope 
which  heufed  was  much  fuperior  to  all  tiic  otliers  whicli  were 
made  ufe  of  at  that  dav  at  the  Oblervatorv  ;•  and  to  its  greater 
excellence  and  dilUodneCs  you  attribute  the  dirtbrcncc  of 
by  which  Mr.  hitchins  law  the  internal  con  tad  before  you. 
Tli^  feems  to  be  the  greater  propriety,  when  comparing  the 
American  obfervations  of  that  phenomenon  with  thofe  made 
at  Greenwich,  to.  take  that  wheie  the  obferver  was  peculiarly 
Vol.  LXXI.  U  u  u  aidcd^ 
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aided  by  the  diftinanefs  of  his  telcfcope,  bteaufe  the  fun  IWS 

vcrv  nesr  the  horizon  with  you,  while  with  us  the  altitude 
was  great,  and  the  atmolpherc  exceeding  clear.  Taking  tlic 
jneati  betwetii  the  dedudion  made  from  the  oWervations  of  the 
iuterual  contact  of  Venu3,  nnd  of  .the  -beginning  and  ending  of 
the  above  folar  oclipfe^  the  difFereDce  of  inendiaas  betmca 
•tjrcenwich  and  Cambridge  is  jfh*  44'  17'^ 

1  find,  Sir,  in  a  letter  fVonfi  you  to  Dr.  siillTH  of  Thilt- 
•delphia,  Dec.  26,   1769,  diat  by  tlie  obferwitions  of  the 
eclipfes  of  Jupiter*s  latelHtes  made  at  Norriton  yon  deter- 
mined the  difference  of  meridians  between  Greenwich  and 
Norriton  to  be   5h.      o'  35".    If  we  fubtradt  52'',  the 
difference  eif  meridians  between  Philadelphia  aidd  NorrirBB, 
gotten,  agreeably  to  your  wqueft,  by  terr^bial  makgrngax^ 
we  find  the  difference  df  meridisiis  bdtwem  Oroenwich  ah4 
Philadeipliia  to  be  5  h.  o'  43'',  which  is  the  fame  that  it  appears 
to  be  by  the  immcrlions  and  emerfiens  of  Jupiter^s  firfl  latcl- 
lite  obferved  at  Philadelphia,  ^orredfced  in  the  fame  manner 
you  corrected  the  obfervations  for  Norriton,  which  is  8" 
more  than  Dn  £wtKG*6  detenniaatiea.  fiy<(biefvaitions^  the 
traufit  of  Mercury  in  1769,  made  at  QuBlbfid^  and  Fhilt* 
delphla,  the  difference  c^  meridians  betwoen  tbelfe  two  pltcci 
appears  by  the  external  contact  to  be  16'  02'',  by  the  internal 
16'  28".;  the  mean  16'  3c"  fubtraoled  from  5  h.  o' 43"  leaves 
4h.  44'  13"  for  the  difference  of  meridians  between  Green- 
wich and  Cambridge  deduced  in  this  way,  which,  thoi]^  not 
>dire£t,  may  yet  be  confideied  as  fin  evidence  of  fboie  wdgbt  to 
:prove,  that  the  diflference  is  more  than  4h.  44%  and  that 
4  h.  44'  17"  may  be  very  near  the  troth.  This  is  the  dt£fefoiioo 
tthat  I  at  prefent  take,  when  1  make  ufe  of  tables  fitted  to  the 
;meiidiaa  of  Greenwich;  but  I  ihouid  be  iliil  gl^d  of  more 
fi  -coiTeiponyding 
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mTttfyoniing  obienrtdons  to  afcertmi)  this  point.   Jane  24, 

1778,  there  was  a  fohr  ecliplc,  vilible  burli  at  Grcenwicli  and' 
Cambridge.    The  be<^lmiiiig  of  this  eclipfe  was  obrervcd  at 
Ganibridgc  by  the  late  Dr.  wiNxifi^op  at  9  h.  6' 20''  A.M. 
tnd  the  end  at  1 1  h.  37'  22  '  A.M.  apparent  time.   If  tlie  at-r 
moiphm  £ivDiined  yoilr  obfemng  it  at  Greemyich,  I  Ihould  be- 
Mctrqn^f  obl^ed  to.  you,,  if  you  wo^ld  communicate  to  mc  ^ 
your  obfenrations*   I'  (hall  «Hb  he  happy  to  know  the  time  of 
the  begiiimng  of  the  iblar  ecliple  of  the  23d  of  next  Apnl  at 
Greenwich* 

X  now.  Sir,  beg  leave  to  communicate  to  you  fome  obfcrva- 
lioD^  of  the  folar  oclipfe  of  the  27th  of  lafl:  Odober.  At 
B0recly»  i^.  49^  34$^  N«  oarefoUy  .^certaiqed  the  going  of 
my  dock,  by  eqiud  altitudes  of  th^  fun^s  upper  ^4  litni}, 
ibf  Ibrend'days  preceding  the  ectlpfe,  and  on  the  day  when  it 
happened,  4}onftantly  applying  the  equation  for  the  change  of 
declination^  October  25th,  wh<;u  the  luii's  center  pafTed  the 
jpaeridiau,  it  was  by  the  clock  n  h.  59^  11'^;  on  the  26thy, 
•Wjh.  58^  J 5" ;  and  on  the  27th,  1 1  h.  5/  iS''. 

Two  gentlemeii-  ebfenred  .^ith  ip^i  fh^  fev.  Mr.  cutler 
•of  Ipfwich,  «pd  dierey;  Mr«  mm^  ^  SMttV*-  Mr*  cuTUtR.- 
'«nd  1  weie  each  funiiihed  with  a  relieving  telefoope  made  by 
JAMES  MANN  of  London,  one  magnifying  34,  and  the  other 
45  times.    Mr.  p&iNCE  had  an  achromatic  refra<9;or  magni^^ 
ing  43«tLmes.   The  times  of  obfervation  are  as  ibllow : 

By  the  dock.       Kcdpced  to  npf,  time* 

^  t    If  I  It  ^ 

Beginningof  r  Mr.  CUTtBR,       XO  59    a  II     I  42  A.M«' 

eclipfe ob-  *J  Mr.  PR mcs,        JO  59    6  |I    |  4!^ 

ksvgdhf    {.l/lyCdS,  10  59   8.  II    i  48 

1  3S  37  1  41  23  P.M. 

I  38  43  I' 41  29 

1  3?  40  I  41  8,6 

U  u  u  2  1  had 
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1  had  no  micrometer  to  meaiure  the  lucid  part  of  the  fun  m 
its  le  fl  ft  t  %  and  thereby  determine  the  error  of  MAlBt's 
tables  in  latitude  at  the  middle  of  this  ecliple*   But  accoidmg 
to  the  obfervadous  of  Proleflbr  Williams,  Dr.  winthiot^s 
fucceflbr,  the  «rror  was  tiot  great.   He  and  feveral  affiftantf 
obllrved  riiis  ecHpfe  at  Long  Ifland  in  Penobfcot  Bay.  The 
latitude  of  the  phice  of  obfci  vation  he  found  to  be  44"  1  7'  ^''N, 
ile  obfcrved  the  beginning  of  the  cciiple  at  1 1  h.  1 1'.  (J''  AM* 
and  the  end  at  I  h.  50'  25  '  P.M.  apparent  time.   He  was  for- 
ttiihed  with  an  excellent  dollond^s  micrometer,  with  which 
he  meafuted  the  fun%  diameter  on  the  mornii^  of  the  ccliffe, 
and  the  lucid  parts  many  times  during  its  continuance.  Bj^bh 
obfervations,  compared  with  thofe  made*  at  Beverly,  I  find  the 
ditTerence  of  meridians  between  Beverly  and  Long  Ifland  to 
8'  4"  in  time.    The  time  of  the  greateft  obfcuration  was  at 
lah.  30^  22'\  when  the  lucid  part  of  the  fun.  was  3''  on  the 
lower  limb.   The  fun*s  femi-diameter  accoh£ng  to  ob&mftiQn 
was  16'  S'\y ;  the  moon's  horizontal  femiKliaiiieter,  aoocwdiiig 
to  the  tables,  t6'  2^'\ii ;  the  augmentation  of  her  fiminfis- 
meter,  agreeably  to  her  altitude,  9^,5  ;  the  fum  of  the  vifible 
fcmi-diametcrs  of  the  fun  and  moon  therefore  32'  42".  The 
lucid  part  of  the  fun  8  '  being  fubtracled  from  32'  17 ',4,  the 
fun*s  diameter,  leaves  32'  9^,4  for  the  eclipfed  pait  of  thefun, 
which  fubtraaed  from  3a'  42"  leaves  32^,6  for  the.leall;dt& 
tance  of  the  centers  of  the  fun  and  moon.  The  vifible  aiif^ 
of  the  moon  with  the  fun  vras,  I  find,  15°  54'  54",  and  her 
motion  from  the  fun  in  her  tifible  orbit  24^,5  in  one  minute; 
the  vifible  echptic  conjun£lion  therefore  was  at  I2h.  29'  57", 
and  the  diftance  of  the  centers  of  the  fun  and  moon  34''.  The 
moon's  parallax  in  latitude  from  the  fun  was  then  49'  1$/'^  S- 
wjiich  a«lded  to  34"  gives  49'  49^,8  N.  equal  to  the  moot&*s  lati- 
■  '        2  '  tude 
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of  Cambridge  in  New  England.  507 
tude  bjr  obfervation.  By  MAYEft^s  tables  her  latitude  was  then 
49'  39''«4f  ^7  which  it  appears^  that  the  error  of  thefe  tables 
in  latitude,  at  the  middle  of  the  eclipfe,  by  the  Penoblcot  ob* 

I'ervatlon,  was  —  io"4.  The  error  in  longitude,  tnking  the 
mean  between  that  of  the  beglnnhig  and  end,  I  find  to  be 
—  y".  The  determination  of  thefe  errors  is  upon  the  fuppofi- 
tlon  that  Beverly  is  4h.  42'  59"  W,  of  Greenwich,  which,  I 
believe,  very  near  the  truth.  Beverly  appears  by  obfervation 
to  be  i'  18''  in  time  £.  of  Cambridge,  which  fubtnufted  from 
4h.  44'  1 7"  leaves  4h.  42'  59". 

I  hope.  Sir,  no  umbrage  will  be  taken  at  my  writing  to  you, 
on  account  of  the  political  light  in  which  America  is  now 
viewed  by  Great  Britain.  I  think  political  difputes  fhouLd  not 
prevent  communications  in  matters  of  mere  fcience ;  nor  can  I 
fee.  how  any  one  can  be  injured  by  fuch  an  intercour(e« 

lam,  &c. 

Beverly  in  Maflachufetts, 
February  16,  178 1. 
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THERMOMETRICAL  EXPERIMENTS; 

GONTAIWtlTG, 

I,  Experimeots  telstiQg  to     cold  produced  by  the  evaporadoa 

of  varbus  fluids^  wi^  a  method  of  pnrifyiitg  ether. 
1I«  Experiments  relating  to  the  expanfion  of  merccny. 
III.  Description  of  a  thermometrical  barometer. 


By  TIBERIUS  CAVALLO, 

Who  was  nominated  by  the  Pfefident  and  Council  to  litofecnte 
DiTcoverics  in  Natural  Hldory*  purfwnt  i»  the  Will  of  the  late 
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A  N      A  C  C  O  U  N  T»  &c. 


IT  M  at  preleftt  well  knowiv  tlut  by  the  evaporation  of  t-a^ 
rlous  fluids  a  (enfible  degree  of  cold  is  produced  ;  and  that 
by  the  evaporation  of"  ether,  which  is  the  moft  volntllc  fluid 
we  are  acquainted  with,  water  may  be  congealed,  and  the  ther- 
inometer  may  be  brought  feveral  degrees  below  the  freezing 
|Nimt.  Bat  as  various  thermometrical  egcperiments,  which  I 
lately  ma^  have  exhibited  fpme  new  phenomenal  and  as  I 
have  contfived  an  e&fy  and  plealing  method  of  freezing  a  fmall 
quantity  of  water  in  a  fhort  time,  and  in  every  climate ;  I 
think  it  not  improper  to  give  an  account  oi  thefe  things  in  the 
firft  part  of  this  lecture. 

■  My  ^rd  eKpeiinieatsrwece  intended  to  difcover,  if  pofllble,  a 
fluid  cheafMr  than  ether»  hy  the  evaporation  of  which  a 
degree  pf  oM  fidBdent  Ibr  ibme  uieful  purpoie  might  be 
gcderated.  But  in  this  my  expefbtion  was  di^ifqmintedy  as 
J  69und  thjit .  ether  "was  incomparably  fuperior  to  any  othe^  * 
fluid,   as  the  cold  it  produced  was  feveral  degrees  greater 

4 

than  that  occafioned  by  any  other  of  the  moft  volatile  fluids 
whatever.  Bei^g,  therefore,  obliged  to  ul'e  ether,  I  en- 
deavouced  to  contrive  a  method^  b^  which  the  leaA  pofiUij| 
qiiaatkf  of  it  n^gbt  be  wafiied  in  the  pioduiftion  of  a  degre^ 
of  oold  fufficMit  to  freeze  water,  and  in  thu  I  met  with 
cefs*'  But  before  we  come  to  the  defcription  of  this  method,  I 
Vol.  LXXl.  X  x  x  Ihall 
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fhall  briefly  i<-l-te  (ome  obfervations  made  on  tiie  cold  produced 
hy  the  evaporation  of  other  flukls  bclides  ether. 

In  a  room,  the  teaiperature  of  whkh  was  64°  accordiDg  to^ 
FAHRENHEIT  s  thermometer,  and! in  which  the  arr  waS'gentlj 
ventilated,  I  observed  the  effects  produced  by  various  iituds 
when  thrown  upon  the  ball  of  a  thermometer*   The  bail  of 
this  thcrraonaeter  was  quite  detactied  Irom  th«  ivory  piece  \ipoi> 
which  the  fcalc  was  engraved.    Tlie  vdiio-us  [IiikJo  wcie  tliiowii 
upon  the  thermometer  through  tlic  cnpillarv  :;pcrture  of 'a 
imall  glafs  vellely  iliaped  like  a  funnel,  aiid  care  was  taken  to* 
throw  them  fo  flowly  upon  the  bulb  of  the  thermometer,  that: 
a  drop  might  flow  and.  theii-  faH  from  die  under  part  of  it ;  ex^ 
cept  when  thofe  fluids  were  u&d,  whieh  evapOfafie  veij  flowly^ 
in  which  Cafe  it  was  ilifficient  to  leeep  the  ball  of  the  thermo- 
meter only  molft",  without  any  drop  foiling  from  it.  Duniig 
the  experiment  the  thermometer  was  kept  tiirnuig  very  gently 
round  its  axis,  in  order  that  the  fluid  ufed  migj)t  inU  upon  every 
part  of  its  biitb.    This  method  I  find  tor  ati(w«r  flrach  bettser 
than  that  of  dipping  the  ball  of  the  thottaflOffnetfef  into  the  fluid; 
and  removing  it  Immediately  after,  or  thifec^  w«|l^g  the  ther- 
mometer wltHii  father.  The  levaporacito)  a&d  eofiffti^ientiy 
the  cold  pro<.^uced  by  it,,  may  be  increafed  hy  isentilation.  viz. 
by  blowing  with  a  pair  f>f  bellows  upon  the  thernaometer ;  but 
this  was  not  ufed  in  the  following  experiments,  becauie  it  ia- 
not  ea^y  performed  hy  one  perfbft,  and  alio  becaAlibt^oecafiana' 
very  uncemib  idfults* 

Witli  the  above  delcribed  mithod  I  bcgah  to  exmlae  fbt 
Jlle^s  of  water,  atid'fbund,  tfcat  thethermomttter  waa-broughr 
down  to  56°,  viz.  8'  below  tht  temperahipe  *of  th«  room  ia 
which  the  experiment  w^s  made^  andtxf  the  water  employed. 
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This  eflSsft  was  produced  Iti  about  two  minuces  time^  after 
which  fl  larger  continuation  did  not  bring  the  mercury  lower. 

By  means  of  fpirit  of  u  ine  the  thermometer  was  brouglit 
down  to  48^  which  is  only  16"  below  the  tempcr:\turc  ot  the 
room,  ai>d  of  the  fpirit  employed.  When  the  fpirit  of  wine 
is  highly  redHfied,  the  cold  produced  by  its  evaporation  is  cer* 
taiiily  greater  than  when  it  is  of  the  common  fort ;  but  the  dif-* 
6ieiioe  is  not  groat  as  one,  who  never  tried  the  experiment, 
flight  ocpoft.   The  purer  fpirit  ptoduoes  the  e^iSt  much 

<^uickcf , 

Uling  various  other  fluids,  which  were  either  compounds  of 
water  and  fpirttous  fuUlancea,  oo:  pure  eiiencesj  I  fouud  that 
the  ooM  produced  by  their  cvaporatbn  was  generally  in  ibme 
tntermediafie  degree  between  the  cold  produced  by  the  water  and 
that  produced  by  the  fpirit  of  wine. 

Spirit  of  turpentine  brought  the  thermometer  only  3**  lower 
than  the  tempcrrituic  of  the  room  ;  bur  olive  oil  and  other  oils, 
\vhlch  evaporate  cither  very  llowly  or  not  at  all,  did  not  Icufi- 
i^ly  atfcc^  the  tlicrmometer* 

Willing  to  obferve  bow  mticii  eie£bization  coisld  increnfe  the 
<fvapoiHiion  of  fpirit  of  wine,,  wiyi  oon&quently  the  cold  pro- 
daced  by  it,  I  pot  the  tube  Ccmtainiiig  the  ijpirit  into  an  infu- 
lating  handle,  <snd  coime^^ed  it  with  the  condudior  of  an  elec- 
trical machujc,  whicii  was  kept  In  acllon  whilft  the  experiment 
Was  performed;  by  thcfc  means  the  thermometer  was  brought 
down  to  47°,  Having  tried  the  three  miuerai  aeids  1  found, 
thatini^eodof  coaUng  they  heated  the  thermometer,  which  etfed 
f  expeded ;  fiooe  it  is  wdll  knpwn,  that  thofe  acids  attracl^ 
fbe  water  fnooi  ithe  atnsofphers»  and  that  heat  is  produced 
4iy  the  combinstion  of  Water  and  any  of  lhem.  The  vitrj- 
4Ahc  acid,  whiUi  was  very  i^roag  and  tranlparent,  raifcd  the 
* :     .      ' .  X  X  X  2  therniu-  ■ 
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thermometer  to  102^;  the  fmoaking  nitrous  acid  raifed  it  ta' 
72*;  nnd  the  marine  acid  railed  it  to  66'  ;  the  temperature 
of  the  room,  as  well  as  of  the  acids,  being  64°,  as  mentioned 

above. 

The  apparatus  which  I  contrived  for  the  purpose  of  ufing- 
the  leaft  poilible  quantity  of  ether  in  Sneezing  water,  &c.  ood-^ 
fids  m  a  glafs  tube,  terminating  in  a  capillary  aperture,  whicb^ 

tube  is  to  be  fixed  upon  the  bottle  that  contains  the  ether* 
Fig.  I.  of"  the  annexed  drawing  exhibits  fiich  a  tube^  round  the 
lower  part  of  which,  viz.  at  A  ibme  thread  is  wound,  in  order 
to  let  it  iit  the  neck  of  the  bottle.  When  the  expenment  is  to 
be  made,  the  ftopper  of  the  bottle  containing  the  ether  is  ro-^ 
moved,  and  the  above  mentioned  tube  is  fixed  upon  it.  Tho 
thread  round  this  tube  ihould  be  moiAened  a  little  with  water  or 
fpittle  before  it  is  fixed  on  the  bottle,  in  order  to  prevent  more 
effetlually  any  efcape  of  ether  between  the  neck  of  the  bottle 
and  the  tube.  Then  holding  the  bottle  by  its  bottom  FG  (tig; 
S.)  and  keeping  it  incHned  as  is  ihewn  in  the  figure,  the  fmrdl 
ftream  of  ether  ifiuing  out  of  the  aperture  D  of  the  tube  D£» 
is  direded  upon  the  ball  of  the  thermmeter,  or  upoa  a  tube 
containing  water  or  other  Kquor  that  is  fsquised  tv^be  congeakdL 

Ether  being  very  volatile,  an<>  having  the  remarkable  pro- 
perty of  iticreafing  the  bulk  of  air,  does  not  require  any  aper» 
ture,  through  which  the  air  might  enter  the  bottle,  in  propor- 
tion as  the  ether  goes  out :  the  heat  of  the  hand  is  more  than 
fufiicient  to  force  the  ether  in  a  flrenm  from  the  apertuie  IX 

After  this  manner,  throwing  the  ftream  of  other  npoo  die 
ball  of  a  thermometer  in  fuch  quantity  as  that  •  diop  of  ctlier 
might  now  and  then,  fi)r  inAanee  every  10  feeonds,  £all  from 
the  under  part  of  the  thermometer,  1  liave  brought  thjc  mer- 
cury down  to  3%  viz*  29**  below  the  freezing  point,  v.  hen  the 
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atmoffhcre  was  fom^wbat  hottef  than  tepipeFate».  and-  that, 
wichoat  bbwing  upon  the  thermpmcter. 
When  the  ether  b  very  good,  vh*  is  capable  of  diifblvin^ 

elalcic  gum,  and  the  thermometer  has  a  Imall  bulb,  not  above 
twenty  drops  of  ether  are  required  to  produce  this  effe^l,  and 
'  about  two  minutes  of  tiiiae ;  but  when  the  ether  is  ot  the 
common  forty  a  .greater  quantity  of  it,  and  a  longer  time^  is. 
neceifary  to  be  employed,  though  at  laft  the  thermometer  is- 
brought  down  veiy  neady  as  low  by  thb  as  by  the  beft  fort  of 
ether. 

In  Oi  Jer  to  freeze  water  by  tlic  evaporation  of  ether,  I  take 
a  thin  glais  tube  about  four  inches  long  and  about  one-fifth  of 
an  inch  in  diameter^  hern^etically  clofed  at  one  end,  and  put  a- 
little  water  in  it,^  lb.  as  to  fill  about  half  nn  inch  length  of  it,, 
as  is, (hewn  at  CB  in  the  figure.  Into  this  .tube  a  llender  wire 
H  is  aKb  intEoduoed,  the  lower  extremity  of  which  is  twifted' 
ia  a  fpiral  manner,  and  lerves  to  draw  up  the  ice^  when  fontied. 
Things  being  thus  prepared,  I  hold  the  glafs  tube  by  it«  upper 
part  A  with  the  fingers  of  the  left  hand,  and  keep  it  continually 
and  gently  turning  round  its  axis,  firft  one  way,  and  then  the 
contrary;  whilfl  with  the  right  liand  1  hold  the  phial  contain- 
ing the  ethes  in  fuch  a  manner  as  to  diied  the  ftream  of  ether 
on  the  outfide  of  the  tube,  and  a  little  above  the  furface  of  the 
water  in  it.  The  capiliary  aperture  D  ihould  be  kept  almof^ 
ill  conta^  with  the  furface  of  the  tube  that  contains  the 
water.  Continuing  this  operation  for  two  ©r  tlirec  minutes,, 
the  water  will  be  froze  as  it  were  in  an  inftant ;  fincc  it  will 
appear  to  become  opaque  at  the  bottom  B,  and  the  opacity  will, 
aibend  at«C  in  lefs  than  half  a  fecond  of  time,  which  exhibits 
a  beautifiil  afpearanoe.  This  congdation,  however,,  is  only 
fuperficial,  and  in  otdcr  to  congeal  the  whole  quantity  of  wa- 
ter,. 
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tcr,  the  operation  muft  be  coutinued  one  or  two  minutes 
longer ;  after  which  the  wire  H  will  be  found  to  be  kept  vciy 
tight  by  the  ice.  Now  the  bottle  with  the  ^her  is  left  upon  a 
table  or  other  place,  and  to  the  outfide  of  the  gk(e  tube  the 
hand  mu(l  be  applied  for  a  moment,  in  order  to  i^ften  the  f«r- 
facc  of  tlic  ice,  which  adheres  very  ftrmljr  to  the  glafs,  and 
then  pulling  the  wire  W  out  of  the  tube,  a  loUd  and  hard  piece 
of  ice  will  come  out,  faftened  to  its  ipiral  extremity. 

luftead  of  tlie  wire  H  Sometimes  I  p\it  a  fnnll  thermo- 
meter into  this  tube  fo  as  to  have  its  bulb  immerfcd  hi  the 
%vater«  With  this  thermometer  1  have  obferved  a  veiy  rf 
markable  phenomenon,  which  ieems  to  be  not  evplfcabfe 
ill  the  prefent  ftate  of  knowledge  concerning  heat  and  cold. 
This  is,  that  water  will  freeze  iu  tlie  winter  a  Icfs  de- 
gree of  cold  than  it  will  in  the  fiimmer,  or  when  the  wea- 
ther IS  liottcr ;  for  inftance,  in  the  winter  the  water  in  the 
tube  AB  will  freeze  when  the  thermometer  is  about  30^ ;  but 
in  the  fummer,  Or  even  when  the  temperature  of  the  atmo- 
fphere  is  about  6t>^,  the  quickfilver  in  the  thermomer  mtiil  be 
brought  ten  or  fifteen,  or  even  more,  degrees  below  the  freezing 
point,  before  the  water  which  furrouiids  the  faid  thermometer 
will  be  converted  into  ice,  even  fuperficially ;  hence  it  appears, 
that  in  the  fummer  time  a  greater  quantity  of  ^ther  and  longer 
time  is  required  to  freez  a  gilren  quantity  of 'Water  than  in  the 
wuiter,  not  'only  becaufe  then  a  greater  ^degree  of  heat  is  to  be 
Overcome,  but  principally  becaule  in  the  fummer  a  much  greater 
degree  of  cold' muft  be  actually  produced  before  the  water  that 
is  kept  in  it  will  afliime  a  lolld  form.  When  the  temperature 
of  the  atmol'phcre  hns  hcen  ahout  40",  I  have  froze  a  quantity 
of  water  w4th  an  equal  weight  of  good  etliery  but  at  pr<  rit, 
7  being 
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being  iummipr»  ttetwocp  twQ  ai|d  three  .times  the  quantity  of 
the  iame  ether  muft  be  uied  to  produce  the  (aiheeifed. 
There  ieeins  to  be  (bmethlng  in  the  air  which',  hefides  heat, 

intertercs  with  the  heezing  of  water,  and  perhaps  of  all  fluids, 
though  I  cannot  lay  from  experience  whether  the  above  men- 
tioucd  di^euce  bet\yeen  the  freezing  of  water  in  winter  and 
/amine r,  takes  place  with  other  fluids^  as  mill^  and  other 
animal  fluidSf  oUsy  wines,  &c. 

.   The  prop<»'tioa  between  the  quantity  of  xj^t  ether  apd  of  the- 
water  that  may  be  fitszea  by  it,  ieems  to  vary  according  to  the 
quantity  of  wat^r  ;  for  a  larger  quantity  of  water  fecais  to 
require  a  proportionabiy  lefs  quatitity  of  ether  thnn  a  fmaller 
.quantity  of  w.atef,  Juppofing  that  the  water  is  contained  in 
cylindrical  glafs  veflcls;  far  I  have  not  tried  whether  a  metal 
.ve^lel  inilead  o£  «        oae»  and  whether  ibme  other  (hape 
beiides  thecyliadricaly  niight  not  ^Uitate  the  congelation.-  In 
the  beginniog  of  the  fpring  I  froze  about  a  quarter  of  an  ounce 
of  water  with  nearly  half  an  ounce  weight  of  ether,  the  appa- 
ratus being  larger,  though  hmilar  to  that  defcribed  above. 

Now  as  the  price  .of  ether,  fufficiently  good  for  the  purpofe, 
h  generally  between  eighteen. pence  and  two  ihiiiings f€r  Qunce, 
ic  is-  plain*,  that  with  Ufs  than  two  (hillings  a  quarc^r  of  an 
«unce  cf  icey  orice  CKam,  m^  be  made  in  every  cU^mate,  and 
4t  any  time,  which  may  a6^rd  great  latisfaftSon  to  thofe  per- 
ibns,  who  living  in  places  where  no  natural  ice  is  to  be  had, 
nev-er  faw  or  tafted  any  fuch  delicious  refreihmcnts. 

Whfii  a  fpiall  piece  of  ice^  for  inftance,  of  about  ten  grains 
Mi  ^ejght^  \$  wanted,  the  a<^fi[ary  apparatus  is  very  Ima}!, 
.the  a^QQQXnf  the  eth^r^.not  wojrtii.  mentioning.-  I  have 
'Sk  ItstaH  hoK,  wfajc^  ,ls-^r  inches  and  a  half  long,  two  itiches 
l^wriy/iiid  oaatipclfcaoda  half  deep,  which  contains  all  t^ie  appa- 
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ratus  nccefTary  for  this  purpoie,  viz.  a  bottle  capable  of  con- 
taining about  one  ounce  of  ether,  two  pointed  tubes  (in  cafe 
that  Que  should  break)  si  tube  in  which  the  water  ts  to  be 
froeeu,  aud  die  wire.  With  .the  quantity  of  ether  contained 
Itt  diis  (mall  and  very  ix>rtable  apparatus,  the  experiment, 
tvKen  carefully  performed,  may  be  repeated  about  ten  times. 
A  pcrloii  who  willies  to  perform  fuch  experiments  in  hot  cli- 
inatcs,  and  in  places  w  here  ice  is  not  eafily  procured,  requires 
euly  a  large  bottle  of  ether,  befides  the  ,&aaU  apparatus  de* 
i^ribed  above.  - 

Jt  1$  a  known  fa£lr,  chat  the  moment  a  quantitj  of  water 
Itecomes  ice,  a  thermometer  kept  inunerfed  in  it,  rifes  a  lew 
.degrees,  and  accordingly  this  is  obferved  in  our  experi- 
ment, viz.  the  mercury  of  the  thermometer,  which  is  im- 
merfcd  in  the  water  of  tlie  tube  AB,  will  fuddeniy  rife,  lome- 
times  as  much  as  ten  d^rcies,  >vheu  the  water  becomes  firi! 
^pnque.  Eledrization  increaies  veiy .  Uttile  the  degree  of  cold 
produced  by  the  evaporation  of  ether*  Havmg  thrown  the 
electrified,  and  alfb  the  unele£trified,  f^ream  of  ether  upon  the 
'Bulb  of  a  thermometer,  the  mercury  in  it  was  brought  down 
two  degrees  lower  in  the  former  than  in  the  latter  cafe. 

As  various  perfons  may,  perhaps,  be  induced  by  this  paper 
So  repeat  fuch  experiments,  and  as  ether  Is  a  fluid  which  can 
with  difficulty  hp  prelerved,  it  may  be  ufe^  to  nsendooy  tint 
a  cork  confines  ether  in  a  glaf^  bottle  mudi  better  than  a 
|;lafs  ftopple,  which  it  iis  almoft  impoHible  to  grind  ibwefi 
as  intirely  to  preverit  the  evaporation  of  ether.  When  a  flop- 
pie,  m  ule  very  nicely  oiit  of  a  uniform  and  c\o{t^  piece  of  cork, 
which  goes  rnthcr  tight,  is  put  upon  a  bottle  of  ether,  the 
iinell  of  that  fluid  canuot  be  perceived  through  it ;  hut  T  never 
Aw  a  gkfs  ftopple  that  could  t>rodtice  the  iiuhe  tStSt,  By  opcm 
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kg  the  bottle  very  often,  or  by  long  keeping,  ^«  cork  becomes 

loofe,  in  which  cafe  it  muft  be  changed ;  and  thus  ether,  fpirit 
of  wine,  or  any  fluid,  excepting  thofe  which  corrojde  corky 
may  be  prelerved. 

I  {hall  now  defcribe  a  method  of  purifying  vitriolic  ether, 
which  is  very  eaiy  and  expeditious,  though  not  very  profitable : 
this  method  I  learned  of  Mr.  winch,  Chemift,  in  the  Hay- 
xnarket.   Fill  about  a  quarter  of  a  ftrong  bottle  with  common 
ether,  and  upon  it  pour  about  twice  as  much  water,  then  flop 
the  bottle,  and  give  it  a  lhakc»  lo     to  iiiix  ioi  n  time  the  ether 
with  the  water.    This  done,  keep  the  bottle  wirhout  motion,  v 
and  with  the  mouth  (downwards,  till  the  ether  is  leparated  from 
the  Wfiter  and  fwims  over  it,  which  requires  not  above  three  or 
ibur  minutes  of  time;  then  open  the  bottle,  and  keeping  it  f^ill 
inverted,  let  the  greateft  part  of  the  water  come  out  very 
gently ;  after  this  the  bottle  being  turned  with  the  mouth  up- 
wards, more  water  muft  be  poured  in  it,  and  in  (hort  the 
fame  operation  nnift  be  repeated  tliree  or  four  times.  Lailiy, 
ail  the  water  being  feparated  from  the  ether  by  deca'iting  it 
with  dexterity^  the  ether  will  be  found  to  be  exceedingly  pure* 
By  this  means  I  have  purified  common  vitriolic  ether,  which 
oould  sot  afled  elaftic  gam,  and  have  reduced  it  into  fuch  a 
ftate  as  that  elafBc  gum  was  eafily  dHilblved  by  it*  Indeed  thitf 
purified  ether  appeared  by  every-  trial  to  be  purer  than  I  .evisr- 
law  it,  even  wlien  made  after  the  beft  ufual  method,  and  in 
the  mod  carefui  manner.    The  only  inconvenience  attending 
this  procefs  is,  that  a  vaft  quantity  of  ether  is  loft.  Not 
above  three  or  four  ounces  of  a  pound  of  common  ether 
remain  after  the  purification.   As  the  greateft  part  of  the  ether 
18  certunly  mixed  with  the  water  that  is  ified  in  the  ]^rooBfs,  it 
may  perhaps  be  worth  while  to  put  that  water  into  aretort,  apd 
'  Vol.  LXXI.  Y  y  y  to 
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tadidil  th»  ether  froinit,  which  mult  ccMne  (ySeSontl/  pune 

fof  coiHiTiOii  ule. 

.  It  is  commonly  believed,  that  water  combines  with  the  pureft 
part  of  ether,  wlien  thofe  two  fluids  are  kept  together; 
whereas,  bj  th^  abgve^  (ieicribed  procefs,  the  eoatfaiy  is  efta- 
bliOwd:  perhaps  wheti  ether  is  kept  la  contad  with 
water  for  a  long  time,  the  pureft  ptfrt'of  it  may  appear  to 
be  loft,  bccatife  the  etber  may  be  con^bined  with,  and  xmtf 
retain  Tome  water  in  iti'clf,  at  the  l^ime  tims  that  the  wrter 
combines  with  and  retains  f<>me  ether,  whereas  thecale  may  be 
different  when  the  ether  is  quickly  wa(hcd  in  water,  and  is  im- 
mediaiely  after  ieparated  from  it :  but  in-reiped  to  this  I  hav& 
yet  not  made  any  experiiaei^^y  ib  as  to  bo  able  t»  dbci^cr 
the  master. 


.       U.  Expmmnis  neiaiing  U  tkt  t^panpon  of  tmfcmy^ 

THE  di^ujty  and  unc^rtaiftty  attQOidjiig  th^  vanoua  me*^ 
fibiSi^fihiihj^rtQpop^fed  forinveAigatingtheexpanfioii  of^m^ 
<ilwr^  or  ifi9  wcreaie  «f  Mk  wJm^  x^tSbAi  hjft  x  giioL 
ci  hq»<»  4^srmo^,  M  ¥k  qmn^  ^boe  iMfaod.  bge  iMtki 
this  ptirpoft  inig^  be  oflMM-  wdth  roomopiaiotj!^  aa4pnc»- 

fy^^  After  vaifioais  expQrii»ent8  l  hit  upoathe  following  me- 
thod which  tQ  rn^  fe^^  both  new  andos^lQof  gceatacct^ 
racy,  tUowgU  in  this  I  m;iy  be  dec«ived. 

Firft,  having  blowM  a  Ijali  tq  a  QapiM«ry  tube,  fuch  aa  m 

comomly  ufeti  loc  th&mmfi9Hf  1  wvigM  ii^and::6»M4:tibi»: 

this,  ^iri^pty  thefqdj^gi^  ^^d^Qq^      ^^25  gtaii^  TUt 

empry,  gbi&  pmm^.  toiitt  hpin«^  wcighA4  je«lmi«bpwf. 
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^tMy  clean  as  poffiblc,  which  is  a  neceflary  prccnutlon  in  thi* 
experiment,  which  depends  upon  a  very  great  accuracy  of 
Weight.  Then  I  introduced  fome  mercury  into  the  {bm  of 
this  tbermometer^  taking  care  that  hone  irf*  it  etitered  the  ball, 
ind»  by  adapting  a  fcale  of  inches  to  the  tubtf,  obferved  that 
4,5  inches  length  of  the  tube  was  filled  with  the  mercury.*  Thd 
thermometer  was  now  weighed  again,  and  from  this  weight, 
the  wcipju  of  the  glafs  found  bctbre  bcii)g  rubtra<5lcci,  the  re- 
mainder, viz,  0,24  gr.  (hewed  the  weight  of  fo  mucli  quick- 
filver  as  filled  4,3  inches  of  the  tube.  Now  the  hjll  of  the 
thermometer,  and  ailb  p^rt  of  the  tube,  were  intircly  filled 
with  quickiilirer :  then,  in  order  to  find  out  the  weight  of  the 
mercury  contained  in  it,  the  thermometitfr  was  wciglied  for  the 
laft  time,  and  from  this  weight  the  weight  of  the  giafs  being 
fubtr.idLd,  the  remainder,  viz.  3205  grs.  (hewed  the  weight 
of  the  whole  quantity  of  quickliivcr  coataiaed  m  tlie  thcr* 
mometcr. 

By  companion  witti  a  graduated  thermometer  in  hot  ?.\\^  cold 
water,  I  made  a  fcale  to  the  nev  thermometer  according  t9 
vahrenheit's,  and  by  applying  a  icale  of  inches  fbund^  that 
the  length  of  20*  in  this  icale  was  equal  to  1,33  inch.  Bui 

0,24  gr.  was  the  weight  of  lb  much  mercury  as  fiUed  4,3 
inches  length  of  the  tube ;  therefore,  by  the  rule  of  proper* 
tion  it  will  be  found,  tluit  the  weight  of  fo  much  quickfilver  as 
fills  1 ,33  inch  of  the  rul)e,  viz,  the  length  of  ao"  is  equal  tc^ 
0,0742  gr.  nearly,-  and  that  the  weight  of  fo  much  quickiHyer 
as  fills  the  length  of  the  tube  that  is  equiv.dent  to  one  degie%| 
is  equal  to  0^0037 1  gr.  Now  it  is  clear,  that.theweight  of  t(m 
whole  quantity  of  quickfilver  contsuned  m.  the  thermometer  ^ 
to  the  weight  uf  lb  much  quickfilver  as  fills  tlic  length  Qf 
^c|jijcc  in  tlie  tube,  as  the  bulk  of  tlie  whole  quantity  of  quick- 

Y  y  y  2  filvgr 
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ftlver  in  a  given  degree  of  beat,  to  the  incxaide  of  bulk,  that 
the  fame  whole  quantity  of  qulcVfilver  acquifps  when  heated 

of  but  I* ;  ^iz,  32,05  grs.  is  to  0,00371  gr.  as  i  is  to  0,001 1  +  ; 
fo  that  by  tlus  experiment  it  appears,  that  i''  of  Fahrenheit's 
thermometer  iucrcafesthe  bulk  of  mercury  not  above  ■y,  ;^j  ,tbs 
parts.  In  this  proccfs  a  fmall  deviation  from  mathematical 
exa^tnefs  is  occafioned  by  the  fmall  difierence  of  weight  be- 
tween the  quickfilver  of  the  tube  when  firft  weighed  and  when 
it  is  afterwards  heated  to  i"* but  by  an  eaiycalcuhdon  it  will 
be  found,  that  this  difference  is  ib  exceedingly  fmall  as  not  to  be 
pcrct     d  by  our  exa^flcft  weighing  and  meafuring  inftruments. 

For  clearnefs  fake  I  fliall  fuhjoln  the  caicuiation  of  the  above 
related  experiments,  difencumbcred  from  words*  Here  the 
decimals  are  not  computed  to  a  very  large  number,  that  bong 
unueceiTary  for  this  purpofe* 

Weight  of  the  glafs,        -    —      -       -        79f ^5  gr*» 
Weight  of  fo  much  quickfilver  as  filled  4,3^  inches 

length  of  the  tube,         -  -         0,24  grs* 

Weight  of  the  whole  quantity  of  quickiilver  con* 

taiiied  in  the  thermometer,        ■*  •        32,05  grs. 

Length  ot  the  tube  equal  to  20°,         -  •  1,33  inch# 

4,3  ;  0,24  ::  1,33  :  0,0742  =  20** 
20*  :  0,0742  ::  I  :  0,00371 

32,05  :  0,00371  ::  1  :  0,00011  +  =  to  the  exponiion 
Adcafibned  by  one  degree  of  heat. 

Having  repeated  this  experiment  with  other  thermometers, 
and  by  llmtlar  calculations,  each  procels  gave  a  reiult  little  dif- 
ferent from  the  others,  which  irregularity  is  certainly  owing 
to  the  imperfe£lion  of  my  fcales,  vvhicli  are  not  of  the  niccft 
-ibrt :  but  taking  a  mean  of  various  experiments  it  appears, 

that 


Digitized  by  Google 


fim  fhenmmdricai  Mxptrima^s.  523 
tliat  1*  of  heat,  accortiin?  to  fahkbkrbtt's  '  thcraiofhctcr* 

incrvales  the  bulk  ol  a  quantity  of  quicklilvcr  of 
parts,  viz.  if  the  bulk  of  a  quantity  of  quickiilver  in  the 
temperature  of  50^  is  equal  to  100,000  cubic  inches,  the  bulk 
.  of  the  fame  quantity  of  quickfilver  in  the  temperature  of  51'' 
will  be  equal  to  100,009  cubic  inches. 

It  is  almoft  fuperfiuous  to  mentioot  that  the  cavity  pf  the 
tubes  employed  for  thefe  experiments,  muH  be  perfectly  luii- 
fbrm  throughout.  The  fcales  to  be  vied  for  this  niethod 
(hould  be  fo  exadt  as  to  be  turned  by  the  hundredth  part  of  a 
grain  when  cliarged  with  about  half  an  ounce  weight. 

From  thefe  obfervations  the  metliod  of  graduating,  or  of 
determining  the  length  of  a  degree  in  a  new  thermometer,  is 
eafily  deduced,  die  only  requilites  for  the  calculation  being  the 
weight  of  a  quantity  of  quickfilver,  which  fills  a  known 
kngth  of  the  tube,  and  the  weight  of  the  whole  quantity  of 
quickfilver  contained  in  the  thermometer  when  filled  Sup- 
pofe,  for  inlbince,  that  in  making  a  new  thermometer  it 
he  found,  thut  the  weight  ot  lo  much  quicklilvcr  as  hlls  iiva 
inches  length  of  the  tube  is  equal  to  tea  grains,  and  that  the 
weight  of  the  whole  quantity  of  quickftlver  contained  in  the 
thermometer  weighs  300  grains.  It  is  plain,,  tiiat  if  the- 
wbole  quantity  of  quidciilver  weighs  300  grs.  .j^*^^**"  parts 
of  k  muft  weigh  0,027  S^'  weight  of  fo  much  met- 

coty  as  fills  five  inches  of  the  tube  is  equal  to  xo  grains ; 
therefore,  o^o^y  gr.  weight  cf  quickfilver  muft  fill  0,0133. 
inch  of  the  tube,  and  this  is  equal  to  the  length  of  r%  or  the 
double,  treble,  &c.  of  it  is  equal  lo  two,  three,  iS::.  degrees. 

By  this  mean-s  the  fcale  may  be  made ;  that  is,  it  may  b© 
divided  into  degrees,  but  the  numbers  cannot  be  added  to  them, 
without  finding  which  of  thofe  degrees  correiponds  with  the 
5  freezing. 
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freezing  point  or  boiling  poijit.  Either  the  point  of  boilmg 
or  freezing  may  be  found  hy  experioient,  or  any  other  point 
may  be  aicertained  by  coinparilbii  with  another  thermometer^ 
and  that  the  other  ikgrees  ace  ftominated  occoidkigly • 


III*  Defcnption  rf  0  tbermmetrical  barmneiff, 

THE  determination  of  the  various  degrees  of  heat  flicwn 
by  boiling  water  under  dii&rent  prcdijres  of  the  atnioiphere, 
has  been  attempted  by  various  perrons,  but  it  was  lately  com- 
pleted by  the  accurate  and  numerous  experiments  of  Sir  GfioaoE 
snucKRURGH,  member  of  tliis  Society.  His  valuable  paper  b 
inlerted  in  the  LXIXth  vol.  of  the  PhiL  Tranf.  Upon  coofi* 
dering  this  paper,  I  thought  it  poiTible  to  conftrua  a  thermo* 
meter  with  proper  apparatus,  which,  by  means  of  boiling  wa- 
ter, might  indicate  the  various  gravity  of  the  atmofphere,  viz, 
the  height  of  the  barometer.  Tliis  thciinumeter,  together 
with  the  fultable  apparatus,  might,  I  thought,  be  packed  into  a 
fmall  and  very  portable  box,  and  1  even  flattered  myfelf,  that 
with  luch  an  inftrument  the  hdghts  of  mountains,  might 
perhaps  be  determined  with  greater  facility  than  with  the  com- 
mon portable  barometer.  My  expe^ations  are  far  fmm  having 
been  difappohited,  and  although  the  inftrumcnt  which  I  have 
hitherto  conftruacd  has  various  defeds,  I  have,  however, 
thought  of  fomc  expedients  ^vhich  will  undoubtedly  render  it 
'  much  more  perild ;  I  lhall  then  prdent  to  this  Sodcty  % 
more  particular  account  of  it,  and  alfo  of  the  expcrimcnta 
wliich  I  intend  to  make  with  it.  The  inftruttieat  in  its  pre&nt 
ftate  confifts  of  a  cylindrical  tin  veffel,  a^t  two  inches  in. 
4li«aiec«r  and  five  inches  high,  in  which  .veflM  the  water  is 

con- 
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contained,  which  may  be  made  to  boil  by  the  flame  of  a  large 
wax  candle*  The  thermometer  is  failened  to  the  tin  veflcl 
ia  fuch  a  manner  as  that  its  bulb  may  be  abont  one  inch  above 

the  bottom.  The  fcale  of  this  thermometer,  which  is  of 
brafs,  exhibits  on  one  fide  of  the  glafs  tube  a  few  degrees  of 
Fahrenheit's  fcale,  vi%.  from  200°  to  216%  On  the  other 
fide  of  the  tube  are  marked  the  various  barometrical  heights, 
at  which  the  boiling  water  (hews  thofe  particular  degrees  of  heat 
which  are  fet  down  in  Sir  o.  shuckburgh's  table.  With  this  in- 
ftrument  the  barometrical  height  is  fhewn  within  one*tenth  of 
an  inch.  The  degrees  of  this  thermometer  are  fomewhat  ioii^L  r 
than  one-ninth  of  an  inch,  and  confequciuly  may  he  fub- 
divided  into  many  parts,  el'pecially  if  a  nonius  is  ufed.  But 
the  grcateil  imperfe^ion  of  this  inftrumcnt  arifes  from  the. 
fmallnefs  of  the  tin  veilel,  which  does  not  admit  a  iiifflcient 
quantity  of  water:  and  I  find,  that  when  a  thermometer  is 
kept  in  a  fmall  quantity  of  boifing  water,  the  quickfilver 
in  its  ftem  does  not  ftand  very  ileady,  (bmetimes  rifing  or 
f.iiling  even  half  a  degree  ;  but  when  the  quantity  of  water  is 
fufficiently  large,  for  iullniice  is  ten  or  twelve  ounces,  and  is 
kept  boiling  in  a  proper  vcliei,  its  degree  of  heat  uu4er  the  lame 
prcfliire  of  the  atmofpheis  is  very  fettled. 
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/§CE  TO  US  acid,  8ce  JflhHnb 

AHA,  1ciiJiii4ttwlii<  th*  fdat  offitoniiMirfikdw-vvtd^ 
miaenl  add*,  ud  wli^,.  p.  $y 
Aiair^  James,  Efq.  amaziDgcic£boll^toBiaf,0%.pk  4«<. 

Adanpm,  Mr.    See  Smtatbmaa, 
AdfcHtd  Equalien.    S^t  Stanf^ppf,  Wtdft. 

jitr.    The  abfolule  weight  of  maay  ioru  ci,  accurately  detcrmlnfJ  by  Mr.  FosttOty 
.  ,p.  9.   jOl  iu  fpftcific  graviiywia  its  fiaced  fiade^  p.  53.    See  Kiryjaa, 
MdrovmiiH*  Dmwi^m  Tg«iifiiii>  fai  idiliBii  co^TMrkef».fio«i  A«  iaa*  IbwM 
«  B«1m»  p*  73* 

^^tfJrtf  a»d Gemetry.  Really  but  Me  ^enct,  .dHibfttlty  Mated;  p.  4S7« 
w^/id/i,  fiiMd  vegftaUs.  Kirtumn. 

jfmazeiu,  river.    lun^iam  ratf  of  motion  nearly cqjial  M  that  of  iht  OflMfCCf -pi  9Ja 

The  tide  perceptible  there  600  miles,  p.  109. 
jti^itu   Taken  at  fea  by  Hadiey'tqoadraat,  p>]j9^   ixt  Atrjoood. 

4»»^».0^  Oim*ti$^  tbawtmwty  diftnM-Unda  oi;  to  be  Iwuid  ie  AMe^  *p*  i« 
Jl/hmM9,  No  Icinice  heaadfieeed  fe ntar  pcrfeAioe,  ie  lb  Ibort  e  tine,  liece  dM 

iaveotion  of  dMiefefcope,  p.  tr{* 
Atbesmu,  bb  accDoac  of  the  HUingMm,  wbidi  Bcloa  nlMt-lbr  die  Torfcey,  p.  75. 
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J'-'-'J,  Georg*,  M.  A.  his  genera!  thf ory  for  the  ir cnfuration  of  the  angle  fobtfBfJeJ 
by  CMC  ubjeds,  &c.  p.  39$.  Tables  for  taking  the  diameteis  of  the  Aiu  aod  pUncu, 
p.  +31  435.   ^  ... 

Jvaf  river.  Soppofcd  to  b«  the  Am*  with  the  S«npoo,  p.  1 1 1  •  But  ii  not,  p.  1 1 1. 

jturtra  itretilii.  See  CawUb* 

^tnm/ulmiuiju.  See  fkamffvu 


Battle  f>envder^  double  proof,  is  beiicr  lhaa  government  powder,  p.  304.  Why  (9 
eilbd,  \m, 

R»kr^  Tbonis,  fiff.  hit  feftfler  of  4e  biiroaieier;/dwrmaiBeikr»:afld  niD,  at 
Ljpadoa,  m  Rudandl*  ijSot  p*  3S** 

Bath  I.   See  CriPuforJ. 

I^elhmus.    The  firft  who  defcribed  and  gave  a  figure  of  the  Ophidiam,  p.  436. 
Jieli'n.    Is  th:  earlieft  writer  who  is  ot  opinion  that  Turkies  were  sativet  of  (J)(  old 

world,  p.  7r,  .  » 
Bengal,  DUftniict  bctiiem  tbt  Unndidom*  tiMit  waA  tkoft  of  iho  Nile,  p.  104.  Sco 

StrgmamtVb*  Set  Okmiail  4^biitiam 

Be/choM^  an  Indian  deitjr.   The  fane  with  Viftoou,  p.  89. 

BirJ'Umc.  A  ton  lUoof  enoHgh  n>  catd  peacock*  aad  the  kfgeft  biidt,  ham  aade^ 

p.  376- 
Birtbi,  deficient,  p.  362. 

■  '       monftrous,  362,  363. 

BLigiUa^  Dr.  Cltarlct.  Oa  the  lieat  of  the  water  m  ihe  Gal^llnain,  p*  1)4.  Ddbtp- 
tioB  and  eadb't^-  diet  flfcan,  ifaid*  Iti  water  at  leaft  fia  dcgteet  hotter  lhaa  -de  Aa 
iaio  which  it  run*,  p.  3S7»   Great  advanuge*  may  be  derived  ftoai  thethanMOwier 

jn  croffing  that  flream,  p.  342.  Method  of  determining  its  velocity,  p.  343. 
Advantage  of  determining  with  certainty  the  time  when  a  ihip  eaten  ihatftrcao^ 
p.  344' 

Blami,  Dr.  Robert*  his  midwifery  reports  of  the  Wedminfter  General  Difpeftfar}',  p. 
355.  H'il  'Bmhod  of  keeping  the  Tegite  of  aidwiftry  patieati  there,  p.  3^6. 
Tahle  of  diflkalt  and  fatal  labouii»  aad  natncal  oaet»  p.  358.  otifeq.  See  Patifmi/ 
fivtr.  Table  of  the  piopotttoo  of  male  aad  Jemale  children,  &c.  p.  36s.  TaUe 
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and  why,  p.  367.    i  able  oi  the  chance  of  life  from  infancy  to  tweoty-fix  yeaia  of 

Ag  :,  p.  369.  CoojpasMive  table  of  ibe  popolatioiif  &c*  p.  370*  SeoHSj^nutr* 
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Mfft,  tbat  woH  ex|J»inid>  P*  >  ij*  Frcrail*  m  ^  principal  braadict  of  the  GA«g«t» 

Ibid. 

B  ivs,    An  clailic  onf  of  light '.voo^i  will  tluow  &  Ught  arrctv  wicb  greater  velocity 

ilun  a  ileel  cr.e  of  the  fame  thirnits,  p.  313. 
Brt/i  ordnaatt,  Eafy  and  rffrdval  remedy  for  the  raniiiog  of  their  vents,  p.  s64« 
Brmitmt  Owco  SalUbnry,  £fq.  hu  nccoaiiC  of  a  ftof m  of  lightuingat  Eaft-boaroe,  ia 

Suflex,  p.  4J. 

B^MChannel^  tl,c  c  :]  cdicncy  of  corrfft  ID4p)  of,  p.  248. 

Snijfiwil,  Dr.  P.  M,  Augufluf,  his  account  Ot'  tliL-  Oiihiiliam  bar^iatum  I.fnne?,  p. 
436.  That  fifh  not  unknown  to  the  ancienii,  ib:d.  Has  only  twu  cirri,  b'U  being 
divided  they  appear  ai  four,  p.  437.  The  different  fpecici  of,  dilUnguiihcti,  p. 
438.  DefcriptioQ  of  that  fpcdei  here  treated  of,  p.  439.  Method  of  raeafuring 
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Bujfun,  Count  de,  his  ineihcJ  of  diverting  the  curuuts  ot  rivers,  who:)  hndj;ej  or 
other  buildings  are  eadangered  thereby,  p.  97.  To  whit  he  imputes  the  incrtafed 
vclociiy  of  the  cnrtaot  of  ihe  Ganges  near  the  fra,  p.  109* 

JsAr/^.  SeaTStMq^. 

BwumfHite*  S«e  JiMEf.  Etymology  tS  that  name,  p.  87.  U  larg^  than  the 

Ganges,  p.  88.  ill.  8ooi«e of^  p.  t lO.  Itt  coarlis dofcribed,  ibid.  Bears  a  near 
refcinblance  to  the  Gan>ci,  except  in  one  particular,  p.  112.  S,  c  V-gna,  Sanpt>«. 
Was  unknown  in  Europe  as  a  capital  river  till  176^,  p.  ii  i.  h  the  faiue  with  tb« 
5Aopoo,  p»  112, 

C. 

Camhna^t,  ia  New  England.    See  IJ'JLirJ. 

Cktt  about  uaa  difontt  iptdei  of,  in  Africa,  p.  t.  The  heft  method  of  divldiag 

that  geoua  of  aaimal«»  p»  a.  Sea  M/ebfeh 
CavaUof  Mr.  Tiberius,  his  accottat  of  a  luminoof  appeaiaa«e  in  the  heavens,  p.  j»9* 

RaaloM  for  its  not  bdng  an  aurora  borealis ,  p.  539* 

—    His  account  of  feme  thermometrical  experiments.  &c.  p.  509.  By 

the  evaporation  of  ether  water  may  be  cotigfa!?''^,  and  the  thermometer  brought 
beiow  the  freezingpoint,  p>5ti.  The  cold  produced  by  it  feveral  degrees  greater 
thaa  Aat  piodaced  by  any  other  of  the  moft  volatile  fluidi,  ibid*  Obfervationi  oa 
die  cold  piodoced  by  other  flaidi,  with  the  method  of  applying  them  to  the  ball  of 
the  therototneter,  p,  $ia.  Expertmeot  on  water,  iUd,  Experiaientt  oa  fptrit  of 
wine,  fpirit  of  torpentinr,  and  various  other  fluids,  p.  513.  Experiment  to  dcter- 
intre  how  much  ckftnzatlon  could  increafe  the  evaporation  of  fpirit  of  wine,  and 
confe^ueatly  the  Cdld  produced  by  tt|  ibid.  Apparatus  coatiived  for  ufiog  the  lea(l 
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pofilbic  quantity  of  et^irr  in  freezing  water,  &c.  p.  514.  Method  by  which  the 
mercisn'  in  the  thcrmuiiitUT  was  broogbt  down  to  29  degrees  below  :hc  trcezing 
point,  ibid.  Mclhod  of  (retziag  water  by  the  eraporatioD  of  ether,  p.  $15.  A 
greater  qu3ntitjr  of  ctlwr  Mid  longer  tine  are  required  to  fitea  wattr  in  wtntrr  ^a 
infnmiBer,  p*  516.  The  propordoo  between  tbe  quantity  of  the  ether  and  of  the 
water  that  nay  be  ffosen  by  it,  feems  to  vary  according,  to  theqaaittity  of  water,  p. 
517.  A  I'tniM  apparatus  for  naking  ice  in  hot  clioiates,  p.  {18.  Elei^xatieit 
increafevvery  little  the  degree  of  cold  produccJ  by  the  c%'aporarion  of  ether,  p.  ^!8. 
Cork  prrfcrablr  to  9^  >(*  T'opples  for  confihiriij  eiiicr,  ibiJ.  Mr.  W  nr';*.  p^h  ard 
expedi(iou&  meihod  ui  pantying  viirioltc  ether,  p.  519.  Inconveuiencc  aucndiog 
chat  procefs  ibid.  The  common  opinions  thit  water  oomhiaet  with  the  putcft  piR 
of  ether,  when  ihoft  two  Bmth  are  kept  together,  refated,  p.  jjo.  Ei^crtawiiii 
retatiog  to  the  cxpaafion  of  ncrcory,  ibid.  Mcdied  of  iaveftigatieg  liie  eatpaifioa 
of  quickfilver,  or  iti  incrcaieof  bulk  when  rarified  by  a  dilFcreat  degree  of  heat, 
ibid.  Apparaias  for  that  operation,  ib  j.  Method  of  making  the  fcale  for  it, 
p.  521.  Calculation  of  the  ,.bove  experiments  in  decimals,  p.  522.  The  cavity 
of  the  tube*  employed  in  chefe  experimems  mmc  be  pciietJLlj  uniforin  tUroagnout, 
p.  533.  How  10  deteraiwe  the  boiling  or  frcenng  point  «li  the  fcale,  p.  52^. 
Defcripdon  of  a  thenDooMtiical  haraneter,  tbid.  ThedeieraiiiiMioB  of  thefarion 
degitea  of  heat  Aewo  by  ImlfiBf  water  wider  difeeot  prefliuea  «f  the  Manelphae 
comphi^  by  Sir  George  Shuckburgh,  ibid.  Probability  of  amftra^og  a  tfaerao- 
niptcr,  with  proper  apr^ir.itos  which,  by  mcaaa  of  boiling  waur,  night  indicaia 
the  various  gravity  of  the  atmefpbere,  ibid. 
Chtlfirew.    See  Blamdy  Hn-ht, 

CbtuUab  rirer.  The  only  fubordinate  bnnch  of  ibo  Gaogea  whi^  ii  at  aB  tiMi 

navigable,  p.  92. 

Ch^fmad  mfiiitm.  The  dofkrtne  o^  hath  Udb  litelj  mvch  inpioved  bj  Mr.  BeifM* 

ot  Upfal,  and  Bfr.  Wentsel,  p.  .7. 

Coichus  Lacca,  See 

Cold.    See  Utr/cbtl,  J 

a  river  equal  to  the  Rhine.   Variation  from  itf  formcf  courfe,  p.  97, 
Ca^mkimm  river.   See  Hec^. 
&vt*sAudm  A  lemarltahle  rock,  p.  89. 

Cr0«^d,  Dr.  Adair,  hia  experineats  on  the  power  that  aDinihb  when  placed  im 
certain  dfcumliances,  have  of  pfodndag  cold,  p.  479.  See  Are.  That  aniawla 

have,  in  certain  circumdancei,  a  power  of  keeping  therofelvei  at  a  lower  tempera- 
ture than  the  furrounding  medium,  was  a  difcovery  referved  for  the  iedufiry  of  the 
prefent  age,  p.  483.  Which  was  compieatcd  by  the  experiments  of  Dr.  Ford}-ce  in 
heated  r(K)mt,  ibid.  Various  opinions  concerning  the  caales  of  the  fads  ellabUfhed 
by  tbofe  expeiinents,  p<  4^4*  Accoont  of  diofi»  cspcdneBtiy  ibid*  EsperiaM»ts 
nade  on  frogs,  (o  dafoovcr  with  greater  certainly  the  caiiAa  of  the  itfrilgmKioo  ia 
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iHe  above  fxp^Iinents,  ibid.  Experlmuit  on  a  dog  in  water  above  the  (landard 
of  iti  aat oral  heat,  p.  487.  By  which  a  remarkable  change  was  produced  in  the 
appearance  of  the  venous  blood  of  the  animal,  p.  4137.  Experiraeot  on  another  in 
hot  air,  ibid.  Opinion  of  Mr.  Wilfon,  of  Glafgow,  concerning  the  eSt&.  produced 
by  external  heat  upon  the  colour  of  the  venous  blood,  p.  488.  The  true  ciafes  of 
the  cold  produced  by  animals  in  a  medium  above  their  natural  heat  explained,  ibid. 
Experiment  on  a  dog  immerfed  in  water  much  under  it$  natural  heat,  p.  490.  Why 
animals  preferve  an  equal  temperature,  notwithftanding  the  great  variations  in  the 
heat  of  the  atmofphere,  explained,  p.  491.  The  effedti  of  the  cold  and  warm  baths 
accounted  for,  ibid. 
Cutkry  Mr.   See  ITt/Ur/, 

0.  • 

Dfath'waifhts.   Soppofed  to  have  wings  in  their  perfeA  ftate,  p.  144. 
Dtlla.    See  Caj^es. 

Hifpii^'Mtdle,    See  MtietroUgieaJ  Jturnal. 

Dd/on,  Dr.  Matthew,  his  account  of  the  Harmattan,  a  Angular  African  wind,  p.  46. 
Defcription  and  fituation  of  the  coaft  where  that  .wind  prevail«,  ibid.  Blows  from 
the  N.B.  p.  Always  accompanied  by  a  fog  or  haze,  ibid.  Which  does  not 
extend  above  four  or  five  leagues  over  the  Tea,  though  the  Harmattan  is  plainly  felt 
ten  or  twelve,  p.  ^  Extreme  drynefs,  which  greatly  injures  all  the  produflions  of 
the  earth,  it  another  confequence  of  this  wind,  ibid.  Surprizing  effirds  of  that  dry- 
nefsoo  books,  furniture,  floors,  ihips,  &c.  ibid.  And  on  the  human  body,  ibid. 
Experiments  made  thereon  with  fait  of  tartar,  p.  £o.  Table  of  therraometrical 
obfervations  on,  p.  £1.  Derivation  of  its  name,  p.  ^  Its  falubrious  eiTeds  on  the 
human  fpeciet,  p.  ^  Contributes  much  to  the  cure  of  ulcers  and  cutaneoas 
eruptions,  p.  ^  Nature  of  the  foil  where  it  prevails,  p.  55.  Probable  fource  of 
that  wind,  ibid.    See  Ntrriur. 

B. 

Eartbquaht,    See  PeMont,  UejJ, 

EtglffitUj  Sir  Henry  C.  Bart,  his  account  of  the  appearance  of  the  foil  at  opening  « 

well  at  Hanby,  in  Lincolnfhire,  p.  34^. 
Eprouvettts.    See  Thampfin, 

Eiber.   Is  the  mod  volatile  fluid  we  are  acquainted  with,  p.  gii.   See  CavalU, 

£ 

r. 

Fenttnst  a  nation  on  the  Gold  Coaft  of  Guinea.  Their  manner  of  dividing  the  yeai<» 
p.  56. 

fJxiJ  Stars.  See  Pi^Hi.   Ixregalarities  occaiioned  by  their  aberration,  p.  iiL 

Vol..  LXXU  ±  A  Fire. 
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tin*  Tke  opiisM  ofHt  ticifftbciiiKrning  the  ■•tiife'MHi  |ii«|Mlfai«rfiMHiNr«IIjr 
bdU  Miijcaaiet,  p.  479.  Tlw  pfoTaiAd  vtBtrtiioD  «kb  wbidh  ihiy  ct«M|plMd 
that  efemetn  MCoUMd  for,  p.  480.   Opinions  of  t)»#  ricfcymifla  in  ihe  diffc  afct 

*  conccittiDg  it,  ikW.  On  ihe  revival  of  literature  the  nature  of  it  bepan  vcf>'  fobn 
to  engage  the  attention  of  philofophcrs,  p.  i^t.  DifRcufticJ  attending  a  philo- 
phical  invertigation  ot  it,  ibid.  Tilt  firft  ftcp  ih«i  was  uken  toward*  tbe  caUiration 
of  this  branch  ot  fcience,  ibid. 

fijb,  Vaft  quantities  tbimirii  on  fhoK  dnriAg  a  rery  dry  Atlbi  at  llie  ifiaad  of  HmmUI, 
p.  384.  Conjeftun  of  the  cMfe  of  tbM  pkettoneiioB*  p* 

FUa.  Their  afefulneb  in  deftrojriDg  patrefcent  natter,  p.  1 46. 

JFW/  of  the  tropical  rivers.  Probabljr*  next  to  carthquakOt  ^wde  tke<puckcftahara* 
tioos  in  the  face  of  our  globe,  p.  lOO. 

Fottlana,  Mr.    See  Air. 

Fordjcr.    See  Cra'^.vford. 

Farjltr,  Dr.  John  Reinbold,  his  natiiral  bifioiy,  &c.  of  tbe  Tjrger-cat  of  tbe  Cape 
of  Good  Hope,  p.  i.  Similitode  betweeo  that  animal  and  the  NfuC,  p.  3.  And 
our  doiMAic  eate,  p.  4«  Defeription  of,  ibid*  Diveiifiofts  of,  p.  6.  See  AHor. 

G. 

Calces.    See  Rennili.    Etymology  of  th.i:  name,  p.  Fabulous  account  of  the 

origin  ot,  p.  89.    Its  coorfe  defctibcd,  in  which  it  receives  rivers,  fome  equal  to  the 
Rhine,  and  none  fmaller  than  the  Thames,  ibid.   Exceeds  the  Nile  in  magmtude, 
though  not  in  length,  p.  90.   Differ^t  widths  and  depths  of,  p*  91.  Thoaghtm 
fbme  places  fordaUe,  tbe  navigfitiQii  ia  MiKr  iftterrupted,  but  lha  priodpal  hiaadi 
caonot  be  cnieicd  1^  large  vaAelH  iHd.-  ConaMaaenest  of  ibe  bead  of  tbe 
Dclca,  which  is  more  than  tivice  as  large  ae  that  of  the  Nile,  ibid.   The  part  of  the 
Delta  bordering  on  the  fea  defcribed,  p.  93.    Width  of  the  Ganges  at  its  jeodijW 
with  the  fca,  p.  93.    Medium  rate  of  motion  of  that  rirer,  ibid.    Its  greater  or 
Jefs  velociiy,  to  vthn  to  be  attributed,  p.  94.    The  gradual  change  in  the  courfe  of 
that  river  accounted  for,  p.  95.    And  (he  (lacknefs  of  the  tide,  ibid.  Decreafe  ia 
ibe  breadth  of  that  nvft  ia  niao  fears,  p.  96.  Varioui  alteiatiooe  to  tbe  appcaiaae^ 
of,  99.  Prefumptive  proof  of  it*  nwadcfiag  ftoaii  one  fide  of  A»  Ddta  lo  tbe ' 
other,  p.  :c::.    Its  annual  fwelliog  and  overflowing  explained,  p.  lO).   StiU  IbrnT 
itfelf  by  the  grafs,  &c.  on  its  banks  and  its  rapid  inaddy  Aream,  even  when  the 
inundation  becomes  general,  p.  104.    Particular  traf^s  of  land,  which  require  lefs 
moiilure,  are  defended  from  the  iiunJation  by  dvkc,  'vliich  do  not  always  foccerd, 
and  why,  p.  105.   The  tide  totally  iolc*  us  elfcct  during  the  fwdn  flate  ot  the 
river,  ibid.  Manner  of  n«vigi»iing  the  nvcr  daring  tbe  iaandatioo,  p»  to6.  Tabio^ 
of  the  gradnal  incieale  of  the  river  iind  that  of  its  brnncbeit  iUd.  Sea  Hmi^ 
Ct'tmdiah,  ^nJs.    Medium  of  that  incfcnJe^  p.  t07>-  Tbe  innndatioa  it  acniljf  nc 
a  Hand  Sot  hm  day*  befiote  it  b<sini  ttf  ivn  ol^  and  Why,  -ibid.  Fbitiffdar  drcutn- ' 
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Auce  atMndbg  th«  imtfii  oT  the  Gng«%  witb  tk»  Mtitt  Acrtof^  |i.  iM 
OfcjcaiM  9  tib«|AlfiiMi  «ftlmJ,  p.  f«9>  8f«  Qfaftkr  ^  water  dif 

charged  by  thi^t  rh  er  ia  t  fccosd  of  tine,  p.  i  io>   See  Mgna. 
Cr^cr.   Mia^ke'  the  Tiukey  fos  an  IiKU4n  bird,  frobabljr  tJi«  Faacack'jilieafaat of 

Mr.  Ldward*,  p.  74.  •    •  ■  , 

Gtiazih.    Set  Agltlitpes,  ' 
GrogTfi^  a  river  of  India,  p.  91. 
iiSE«r>  iMioeitm  ^^>\s.»X  ql  SeogaU  Wbenfionlid,  p.  99. 

Gawmtafy.  S/et  Cmtft  Head,  i  ' 

GutHta  Graft.   Its  quick  growth,  p.  146. 

Gu^-ftream.    See  BlagJtn, 

Gum.  A  medicinal  one,  procttred  {ftm  Uie  Flala-jtMrt  veiyfim}]^  to  gna  I«c«9t 

Gum  la«iu    See  Airrr. 
GMwAwi^  n  rim  in  India,  p>9r. 
CwM-pmia;  See  TitM^a, 


Htrmattaut  a  renarkable  African  wind.   See  Dchjin. 

HtrfcbtL,  Mr.  Winiaa,  lua  obftrvadooi  on  the  rotation  of  plineti  reeitd  thdr  vAtt 
nade  with  n  mew  to  deiemine  whedier  the  eardi*a  dinnal  notion  is  pcilefily  e^iia« 
ble,  p.  115,  The  diiunal  fetation  of  that  planet  round  its  axis  haf  hitherto 
efcaped  the  fcrutiny  of  obfervers,  ibid.   See  Time-pitces.   His  obfervations  00  Jnpiter 

in  1778,  p.  12!.  Ditto  in  1779,  p.  123.  Ditto  on  Mars,  1777,  p.  i7j. 
Ditto  in  17 p.  no.  The  rcfalt  of  the  foregoing  obfervations  examined,  p,  x^cj. 
His  reatoo  for  preterring  While's  Ephemeris  to  the  Nauclcal  Almanac,  p.  ijr.  Hia  * 
obfervationof  ifceedtpfeof  the  San  nt  Bath,  June  34,  1778,  p.  138*  Hiicnlpn- 
kted  coiQcftqiei  concerning  the  eppettance  of  n  leouttitable  darlt  fpoc  on  the  diile 
of  Matt,  ibid. 

-   — Hu  nccount  of  a  comet,  p.  492.   Table  of  the  meaforeof 

the  comet's  diameter,  p.  494.  Table  of  the  dilUnce  of  the  comet  from  certain 
telcfcoplc  fixed  nars,  p.  496.  Table  of  ihc  angle  of  pofition  of  the  comet  with 
regard  to  the  parallel  ot  declination  of  the  fame  tciefcopic  hxed  ftar^,  measured  by 
n  miciooietcr,  p.  497.  Milbdiaaeoni  obftrvaUona  and  icniarlcst  p.  498*  Reranrkt 
.  on  the  path  of  the  comet,  iUd.  The  method  of  tradng  out  the  path  of  n  celeAiat 
body  by  taking  its  diftance  from  certain  liars,  and  the  angle  of  pofition  with  ff;gwd 
to  them,  cannot  be  ezpe^ed  to  be  completely  jul^  p.  49S.  And  why,  p.  499.  Part 
of  a  letter  from  M.  MclMcr  to  Mr.  Kerfchcl,  concerning  the  lliortnefs  of  the  time  in 
vhich  he  difcovcred  the  motion  ot  the  above  comely  ibid.  Deicrijption  of  a  micro- 
meter  for  taking  the  angk  ot  portion,  p.  jco. 

4  A  e  Hm^ii^, 
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Hpmiifg,  Mr.  BKMlifmM, 

JJ^fy  rim  (the  pcf t  of  Calcatit).  !•  fttmed  bjr  the  jvoaiott  of  tte  GofiiAnArtiMl 
JelHngby,  the  wdleittnnll  fanndief  bC  the  Omgt$,  p.  9*.  DUSceltiet  of  eowriag 

that  river  accounted  for,  ibid. 
Ho/fiia/i.   G real  political  i Jvantages  might  be  deriv^  from,  by  atiding  to  their regiftcrt 

of  patients  the  places  of  their  births  %(;6. 
Biintrr,  Ut.  William,  bis  efliiy  on  a  new  method  ot  applying  the  ftrew,  p.  I& 

method  of  applying  the  fcitw  expUincd,  p.  59.  And  omipired  with  the  connM 

method,  p.  6o* 

L 

Jtllintiy  river.  See  H$tg^*  Chteg^  in  the  ficuation  of  die  ootlet  of  thit  titer  ht 
devenyeut,  p.  96. 

JUkmf  narvigatitn.    See  JUtWh 

Jfiemds.    Exteniivc  new  ones  formed  in  the  channel  of  the  Ganges  in  %  noch  flMTtce 

time  than  a  man's  life,  p.  100.    And  old  ones  fwcp:  away,  p.  lot. 
Jumnah.    The  firil  river  of  note  which  joins  the  Gangcj,  p.  91. 
Jupittr.   Method  of  accounting  for  the  irrcgalariti»  of  hit  icvolatiofit,.  p.  1 18.  See 

E. 

Km,  Btr.  Jenei,  his  aateni  hifioiy  of  the  inftft  [Coceei  kcci)  whkhr  pndtece  die* 
gnnhMce,  p.  574.  ThetiBfeAdefciifaed,  ihid.  Ittchengei     37S*  Gen  laon, 

Imw  produced,  ibid.   The  effefls  the  infefls  hafeoathe  brancbes  where  they  £s, 
p.  3;C.    Guml.icca,  where  principrilly  ffM:rid,  p.  777.    Trees  whicli  thofe  iofeLti 
irliabit,  p.  376.    Gum  lacca  diftinguiihcd  b}-  :hr  inglilh  into  lour  kind?,  ibid. 
Method  of  preparing  ihcll  lac,  p.  378.    Its  utes  to  the  natives,  ibid,    in  ornacneiiti 
for  the  hdies,  ibid.   In  failing  wax,  ibid.   lo  japaning,  vamiJhiag,  and  grind- 
Hone*,  p.  379.  la  painting,  p.  380.  And  in  dying,  and  Spaaiih  «pooI»  p.  jSt* 
Figuea  of  the  infeft,  p.  j8a. 
Kif.van,  Richard,  Efq.    On  the  fpecific  gravlliei>  &c.  of  fiifiae  fub/lancet,  p;  7, 
The  prir:ctpit3  on  wliith  the  proportion  nf  many  neutral  faltJ,  and  the  fpecific  gra- 
vities of  mineral  acids,  are  determined,  ibid.    Mathematical  fpecific  gravity,  what, 
p.  8.    Experiments  on  hiik  ot  fait,  p.  9.   Table  of  the  fpecific  gravities  of  the 
marine  acid  and  water,  p.  13.   Experimenu  00  fpirit  of  nitre,  p.  16.   The  method 
•f  determiniBg  the  real  fpecific  gravity  of  that  acid,  p.  18.  Table  of  the  IjMCific 
gfavkiesaod  attraAions  of  spirit  of  nitre,  acid,  and  water,  p.  it.  Conperifoa  ef 
therefnltof  thofe  experiments  on  the  Qnrit  of  nitre  with  thofe  of  ^Ir.  Hombeig, 
p.  ?3.    Experiments  on  oil  of  vitriol,  p,  26.   Table  of  the  ipecific  gravities,  Sc. 
oi  oil  and  fpirit  of  vitriol,  acid)  and  water,  p.  30.  Diftwence  hetwecn  thcfe  ezpe- 
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iiiMttts<  M  «m1  of  vittiei  tad  dko6  of  Mr.  Hombats  •ecoadtod  fiir,  p.  $u  Kipe- 
mtoM  00  the  acetoas  acid«  p»  js.  DedoftioBt  from  thole  cspetiiBeDti,  |>.  jj. 

Experiments  on  the  fpecific  grsvitv  of  fixed  air  in  Its  fivec}  fjat^.^  p_  Experiments 
on  fixfd  vegetable  a'kali,  p.  j?.    RcluU  of  thelc  experiments,  ibid.    Tableof  ihO' 
ooBtems  of  a  (olauon  ot  mild  vegetable,  alkali,. according  to  ita  ipecific  gravity,  p,. 

JOeadBt*  The  dUbicoee  betweoi  bk  oocooot  of  tlio  cirri  of  tlw  Ophidiam  .nd  WU*. 
looghbjr'ffecoBcikd,  p>4}7* 

U 

jCae,  SeelSM-« 

Lighlni»g.    See  BrtrtttBf  dUtt, 

Lind^  Dr.    See  N«rris, 

UojUt  joho,  Efq.  hissccoontof  an  earthquake  at  Uafoduooi  wuu  Denbig/i,  p..3|i». 
iMcidftiur*    Tragical  event  there,  io5t 

JOmftwi  mtum  oee  junowi* 

MiTi.   How  to  determine  hi*  fouyoo  with  giort  fxiftoeft,  p.  1 19*  See  HtrJchH: 

Mtar/de»t  William,  Efq.  his  aCCOOBt  of  »-pllCaOBWM«  Obftrvod  OpOO  die  libad  of. 
SnmatTfl,  p.  383.   See  Fiji* 

Marfiam,  Robert,  EC),  hit  further  account  of  the  ofefulaefa  of  walliu^^g  xhc  itcm%  of 
trees,  p.  449.  That  afefobefi  proved  by  obftrtttiQoi  00  waflied  and  unwalhed 
bndice  oodook^.ihid. .  Expcriiaent  audi  on  t&e  nwtiof  trectwiih  pood-mod^  p^ 
4J0*  Toiipg  tieci  are.ieafoaKbiy  tipefled  to  iDcretfe  iooi»tliaa  old,  ibid.  The  aaonal 
iacfCffeof  very  old  trees  hardly  ncefonble. with. o  Uring,  and  why,  p.  451.  See\ 
Oak.  All  the  ingredients  of  the.  united  vegetation,  received  from  the  roots,  flems, 
branches,  and  leaves,  of  a  mofTy  and  dirty  tree,  do  not  produce  half  the  Increafe 
that  anoiher  gaic^  w^oiz  Item  is  dean  to  the  head  only,  p.  Caufe  of  that, 

ine^ooalideied,  ibid..  Oblbvuioti o« Mi iit waiwd bioeh,  iUd. 

Jtfripi.  A  river  which  lalla  ioco  the  BuitonpooMr,  lo  whieh  it  coaioiaiiieitci  its  tuwie 
ftr.thcreftof  its  courfe,  p.  100.  Prodigioos  body  of.wtter.ptedoccd.b/ itajime* 
tion  with  the  Ganges  below.Litckippacr,  p.  115. . 

2^JtUagriJtt.   See  Athenteutm 

^Ifjfur^  M.   See  Htrfihtl^ 

jULtttrol^ical  Jcmnal  kept  at  the  houfe  of  the  Royal  SocSe^,  with  tables  of  the  Vaxia- 

UoBf  and  the  Dipping-needle,  p,200.Ctftq«  See/fMTAor,. 
Vbttrnftrj,  See.iMHu/. 
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Jtf«^Mi,  SnRhm,  Utdeor  noraia  Alb  doni^lbtmibttiMtfif  AtMiM|f 
cut  in  Bengftl,  p.105.  Difenat  ftuiiigt  dw  aootem  la  tto  gdf  «r  BMgpi^ 
ftnd  in  the  eafteni  aad  ••rthcrn  part*  of  tlwt  province,  p.  to6* 

JMWftQy/bke.    Formed  by  a  winding  of  the  Coffimbuiar,  p.  09. 
ja.rve.iu,  Mr.  of  Dijoo.   Tlie  only  one  who  haj  tboiight  ot  tkcxttimug  the  vadoac 
degrees  of  force  of  chemical  auraaion,  p. 

Nl^grt-btoA*  See  Smutimdiu 

Jfilt.    See  Bttgai,' 

J^trriuSf  Mr.  (a  frtquent  vifiwrto  th?  Coafl  of  Africa)*    IMfiCTS  finm  Dr»  Ll^df  COQff 

ceriUng  the  cfTcdJ  of  the  Harmaaan.  p.  {4. 
Jtfjf]i^.   DefcripuoA  of«  f .  3.  See  Forfitr, 

a 

del.  It!  long  duncimi  m  waNr,  p*  178.  That  scar  die  Imo*  Mr.  liefftH  foi^e  Is 
Holt  Foieft  dad  not  incieafe  above  half  aa  inch  in  nineteen  ]rcar*»  p.  4S  >•  DtaMnfiem 

of  the  hollow  one  at  Cowtl^orpe  in  Yorkfhlre,  ibid.  GONiparUbin  of  the  COOMnia 
of  that  with  thofe  of  the  Hampihife  and  YorJdhireoakit  p.  45a* 

Oil  of  'vitriol.    Sec  Kir'oiatt, 
Ofbidium,   See  Broyjfntt* 

K  . 

Ptb»'tne/M»i^k,  Eat  in  the  Weft  luGft »  n  deUcaey,  p. 
fmnfitAan,  Aceonnt  of»  p.  175. 
FKMihfht^tmu  Defcriptioa  of,  p.  74. 

Petnantt  Thcnnas,  Efq.  Gave  the  firlt  defcript'on  of  the  Tyger-cat  of  any  ofe  la 
nataral  hiftory,  p,  3.  His  account  of  the  Turkey,  p.  67.  Defcription  of  that 
bird,  p.68«  White  varletv,  ibid.  Size,  manners,  and  notes,  p.  69.  .'\re  irafcibl^ 
polygamous,  and  fwift,  aad  love  to  perch  high,  p.  70.  Are  gregarious,  p.  71* 
Thdr  haonts,  ilnd.  The  fldh  of  the  wild  Turkey  it  &id  to  be  fupenor  ia  goodaeft 
to  the  tame,  ibid.  The  Indiana  make  cloathing  of  the  feadkert,  nndftni  of  the 
tailii  and  the  French  of  Laaifiaoe  nfed  to  malte  nmbrdfau  of  the  latter,  p.  7»*  Id 
finpidity,  ibid.  Xi  a  native  only  of  America,  p.  72.  Opinions  of  diflerent aathMa 
concerning  it,  p.  73.  ct  feq.  When  firft  introduced  into  England^  p.  80.  BlliaF 
ordinary  protuberance  from  the  thigh  Ix  nc  of  one,  p.  81. 

■■  ■  ■   '  Hi«  account  ot  levcral  earthquake*  in  Wales,  p.  jgj.  Mincrt 

or  colliert  not  leefible  of  the  Ihock  nnder  ground,  though  fufficiently  violent  to 
teiriiy  the  inhabitant!  of  the  fnrfacr,  p.  194. 

figui^  £dward»  Ef^.  his' account  of  a  nebula  in  Ceaa  Berentcca,  p.  8j.  Ita  aana 
right  aftenfioa  for  April  30,  1779,  ibid.  In  nonh  dcduudon.  p.  83. 

4  i*/X«r, 
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Figotty  Nathanael,  Efq.  bit  dircovery  of  double  ftars  at  Frampton-boufe,  In  Glamor- 
gaoOiire,  i779>  P*  ^Al  method  of  deducing  their  declination^  ibid.  p.  S^. 

And  of  obferving  them,  p.  8^.    Their  places  defcribed,  p.  86. 

 -  His  allronomical  obfervation^,  p.  347.  Longitude  of  Wick- 
hill,  the  feat  of  Lady  Widdrington,  near  Stow  in  the  Wold,  Glouccftcrfhire,  deter- 
inioed,  ibid.  Latitude  of  his  obfervatory  at  Frampton-houfe  deiennined,  ibid. 
SitiutioQ  of  FnmptOD-boufc,  which  is  oearly  onder  the  fame  meridian  as  Watchet, 
in  Somerfetfhire,  p.  348.  His  method  of  determining  the  difference  of  meridians 
between  that  houfe  and  Greenwich,  p.  349.  Occulutions  of  fixed  ftars  obierved  at 
FramptOQ-hoofe,  1778,  1779,  p.  3 go. 

Planets.    Sec  Aivatci. 

Ptrnti-mui.    See  Marfi>am» 

Prtgnant  Wtim.    See  Wvata* 

Prrfents,  lift  of,  p.  ;ay. 

Printi,  Mr.  Seefr$JUrd. 

PmivU  fidminans.    See  Tbtmpjom* 

Pmrftral  ftvtr*  Reafolu  why  poor  women  fi>  gtqeralty  efcape  that  fatal  difeafe^ 

p.  j6i. 

^ModfOHt,  Hadley*s*  ZteAigUs, 

■  "  .       aftTOBomical.  Ufelels  at  Sea,  p.  396» 

R. 

RmuH^  James,  Efq.  his  account  of  the  Ganges  and  Buri-ampooter  rivers,  p.  Sj^ 

Great  refemblailce  between  them,  p.        See  Tiiit/, 
Rict.   A  particular  kind,  p.  10^. 

Rivers,  Thofe  in  Bengal  form  the  compleateft  and  eafieft  inland  navigation  con- 
ceivable, p.  82*  Number  of  boatmen  einplojed  thereon,  ibid.  Great  trade  carried 
on  by  means  of  that  navigation,  p.  88*  Which  greatly  furpafles  the  inland  naviga- 
tion of  North  America,  p.  8^  Proportional  lengths  of  fome  of  the  moft  noted 
in  rivers  the  world,  p.  go.  Caufes  of  their  winding  coorfes,  p.  ^jz  thole 
fitnated  within  the  limits  of  the  monfoons  are  fubjcA  to  annual  overflowings,  p.. 
103.   See  Buffm. 

Rohim,  Mr.    See  njtmffon. 

RfinJtktius.   Has  given  a  better  defcripticn  and  more  accurate  figure  of  the  Opbidiunt 
than  Bellonitu,  p.  436.  Difference  in  their  drawings  accounted  for,  p.  437* 
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SttUr' fu^jl.f'in.    Sec  A'>-"<T-,  ' 

Saii^o,  or  ZanctUf  ihe  oaxue  of  the  Bammpooter  io  the  country  of  Thibet,  p.  iio« 
Senw,   See  Hunter. 

&»-vmm»  Tliottgli  penidMs  to  flnppbg,  w  ytt  ti  Uufnmnt  v6  »  ■inlrh^, 

p.  177. 

Shkckbur^h,  Su  GcorgC.  Cirz'.tlh. 

SUk  coftm-irte  worm*  Preierxed  by  the  Indians  ju>d  oegroes'to  marrow,  p.  i68« 

SmftaAmoH,  Mr.  Hcnrf*  bit  accoaat  «f  the  Tennitct  [at  Wluie  Mujt  wlndi  «e 
found  in  Africa,  and  Other  hot  cKdittei»  p.  139*  Their  eoicrivaace  and  execn* 
tions  in  their  buildings  fcavce  ftU  ihort  of  homaD  ingenuity  and  prndeim,  ibid. 

Sagacity  of  thofe  infcfl^,  p.  140.    Varioui  name§  by  which  they  are  called,  ibid. 
Different  fpecici  defcribrd  by  Dr.  Solander,  p.  141.    iJciirdy  cvcrv  thin^  fofcrr 
than  metal  or  itone,  p.  142.    Live  in  commanities  like  anta,  but  ate  &ol  lae  ume 
Ichid  of  iiideft,  ihid,  SarptTs  all  other  Mtaieb  in  the  art  of  iioilding,  p.  14}.  Why 
■called  Fatalia  or  DeftmOoiv  ibid.  Shto  of  the  qneeo*  ibid.  Their  comooaiiiea 
dcicribed*  pii  144.   Ifove  lieen  errooeooflj  dafied  by  Linnar us,  ibid.  ViSer  as 
much  as  birds  in  the  niaaaer  of  building  their  habitations,  ibid.    Are  of  three 
dlffcrerfl  orders,  p.  14;.    Are  both  pernicious  and  ufcful,  p.  146.    Wi!!  in  a  lew 
weeks  deftroy  and   carry   away   the  bcnlic!  of   Izrge  uees,   without  ieaviug  a 
particle  behind,  p.   147.    Monf.  •AdaDioa'&   dclcnption   of  their  bills,  ibid. 
Have  mmy  thoalaBd  waya  ont  of,  nd  inti^  their  boildingt,  but  ett  lehtar- 
raneoot,  p,  148.   Anuueii^  mafnitadc  of  dieir  bttildinga»  with  a  comperifee 
of  them  and  ihofe  of  maakind,  ibid.  Defeription  of  their  hnildiagi.  p.  149* 
Their  manner  of  building  dicir  hoisfes,  p.  150.     Which,  when  half<built, 
the -wild  bn!h  Oand  on  to  guard  the  herds  below,  p.  rjt.    Defcrlprion  of  the 
king's  and  quocn'i   royal    chamber,   HDid.    And  other  interior  parts    of  th«r 
buildings,  p.  1^2.    The  king  and  queen,  from  their  extraofdinary  magniuide, 
cannot  pollibly  go  out,  ibid.   Their  magazines  defcribed,  aod  the  pronfioBi  lar 
•  their  yoaiig»  ibid.  The  royal  chaoaber  ia  enbrged  ea  the  fueen  increafo  ta  biaUk» 
,p.  153.  RenuirkaUe-ciceomAanoe  idatiag  to  their  norferiea,  ibid.  Thdr  nnrfafet 
defcribed,. p.  154.   The  rajral<apartaients  defcribed,  p.  155.  Thnr lUwenaaeooa 
palTages  for  carrying  off  the  witcr  defcribed,  p.  156.    Their  manner  of  preeariag 
the  clay  or  Hone,  with  which  they  conftruil  their  buildings,  p.  157.    Make  a  fpifsl 
ilope  within  their  hills,  for  the  labourers  and  foldiers  to  pafs  up  and  down,  like  a 
Hair-eale,  ibid.  And  a  raft  arch  from  the  iloor  of  the  area  towards  the  top  of  the 
bttildiog,  to  Ibortea  the  diftanee  from  the  roynl  apanmenti  to  the  upper  Aorfcnci, 
^tfi.  One  of  thole  bridges  ddcribed,  with  its  dtmenGom,  ibid,  The  toim* 
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of  tHfi  (mtXUr  tptekt  defcribrd,  p.  159.  Wl>!cf»»  \f  •Ktrnei  hy  t%§ 
fiie  of  the  buJMfri,  arc  folt  or  f.ve  timet  the  height  of  the  moBomcne, 
ibidi  6Ui'ngth  oi  thofe  turrct»,  and  their  fnaonvr  of  rebuilding  them^  whcft 
tOMidHmrn,  p.  i6e»  Twn  fisei  of  tholo  mHi  built  bjr  two  d'tflbrent  'fp«» 
ctM  of  Termitctt  with  their  dinMfiiNiSi  l\nd,  Negre.bcad«t  or  oelit  built  in 
4rcei,  dcfcribed, -p.  163.  Tho  working  infect!,  or  labourers,  called  woo  J  lice, 
m)ttA  they  much  rcfcQible  at  a  diiUncr,  by  the  French^  ibid.  The  fulditrrs  ivhich 
»re  much  larger  than  the  labourers,  p.  164..  And  the  infeft  in  its  p<  rtV(f\  (late, 
which  is  furntlhed  vviin  four  u  ingf,  ibid.  And  are  only  to  be  found  juA  bcfoie  the 
comsitocemeat  of  the  lainy  feafon,  p.  169.  Their  dwellingi  rutneiitnes  invaded 
^  ibo  rcftl  aati sodotKervcmin,  ibid.  Hav«  w  tbctr  prefeot  Aate  two  latge  eyet, 
wbicb  are  wjr  ooafpicuoait  p*  166*  -191*  ■  The  feafbn  of  ibdr  coming  abroad, 
ibid.  Whoa  iflonifhiDg  nunberi  of  them  are  deAroyed  by  their  ngmeroui  enemie«g 
f>.  167.  Are  «aten  in  fotne  paru  of  Africa,  ibid.  Method  of  taking  and  preparing 
them  for  food  in  the  Eall  Indies,  ibid.  And  in  Africa,  p.  168.  Great  change  in 
their  ijtfons  afrcr  heinfr  cxpofed  to  the  rains,  p.  i6g.  Manner  in  which  the 
labourers  protect  their  king  and  i^utxn  from  their  enemiet,  p.  179.  Exuaordinary 
.cbanft  in  tb«  qaeco  when  pregnant,  p.  1 70.  Aod  tbe  .pradigioiit  oomber  of  cggi 
laid  by  tbem,  t7J*  Which  are  iaftaady  carried  by  th«  atieadanta  to  the  norib* 
riea,  wbeie  they  are  batched,  and  the  young  pronridcd  for  till  able  to  fliift  for  them* 
'lelves,  p.  172.  The  working  andfigbtiog  forts  never  expofe  themfelves  to  the  open 
air,  but  in  cafes  of  neccfltt}-,  p.  173.  A  fpecie*  of  them,  called  Vag  Vague,  de» 
fcribcd  by  Mr.  Adanfon,  ibid.  Their  manner  of  travelling  and  of  cfcapire  when 
al.iruied,  p.  174.  Are  not  a  match  for  the  ants,  p.  175.  Avoid  all  communicatioa 
with  other  inftds  or  anuoalit  aad  oever  meddle  j^ih  them  fattt  when  dead,  ibid. 
Their  cipcditloii  in  repaariog  their  cofcred  waya,  Ste.  176*  t88.  Wilt  fink  nndcr 
the  foundationt  of  hoofea,  and  cat  their  way  through  the  pofta  «p  to  the  thateh, 

177.  Their  curious  method  of  fortifying  poib,  which  have  feme  weight  to  fappoit,  p«. 

178.  Various  furprifing  depredations  comawtted  by  them,  p,  179.  erfeq.  Will  ctc!< 
vatea  board,  without  perforating  the  furface,  in Tuch  a  manner  as  to  render  it  nearly 
as  light  as  two  pieces  ot  paiic-board  of  uic  lame  dimcnuons,  p.  lao.  ^nd  will  enter 
at  die  bottom  of  n  finytd  Jiadgo^ftako,  dolioy  ^  iafde  endidy,  ond  leave  dio 
Imk  Handing,  f,  iSs,  IKfiigveenble  aaiilakca  iho  nothorliaa  been  led  Into  by  tho 
-outward  appearance  of  laj^e  fallen  tioet,  which  have  been  intirely  hdlowed  within* 
jbi4«  Behaviour  of  the  foldiers  on  their  buildings  being  broke  open,  183.  18^. 
And  of  the  laboorcri,  784.  185.  Obflinacy  of  the  foldier?  in  dcfe-ndi-^o;  their 
ruined  workt*  p»  186.  While  the  foldiers  defend  the  outwori^s,  the  latrourcrs  ilop 
up  ail  the  pafTaget  to  the  royal  chamber,  &iC.  187.    When  the  royal  chamber  is 

temovei^aftd  the  queen  expofed  id  Aenr,  tho  kbonren  will  work  nn  arch  completely 
4»ver  her  belbco  the  next  aornu^  p.  188.  Bdnvieor  of  tho  king  when  the  nyd 
okamber  i>  reaofe^  ibid.  If  tkehiUia  thiovn  ioM>ab«vof  niMrpAnridedihe 
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kins*n4  queen  t>e  fafc,  tbe  aotmals,  if  undiiturbed,  will  netrly  repilr  the  wliofe  w 

abogt  a  year,  p.  1S9.  Their  loyalty  and  fideliiy  to  their  foverc'^ni,  ibid.  The 
nuiching  Termites  defcribed,  p.  189.  Some  of  the  foldkra  a6t  at  rcgulauBg 
oihceti  diwing  their  march,  p.  190.  The  labouren  tnii  foldier*  appev  to  have  n» 
eyes,  p.  191. 

SMui*t  •  river  of  ladfsi  p«  91* 

S^rit  fT  m!tn.  See  JCtnuM. 

S fir  it  rf  fiiJt.     ^I'C  Kirwan. 

Stair'rt,\  FhUip,  Earl,  hi<  letter  OQ  adfeded  eqoAtims,  pi  195* 
Stut,   iiee  A:vu4»4i, 

T, 

fwmf/iHf  Benjamin,  Efq.  hit  eYperimenti  on  Gun-powder,  p.  229.    Defcripuon  of 
fhe  apptracttt'  employed  thertin,  p.  230.  et  feq.  Defeilpiioik  of  the  pendalaoi  far 
deienninwg  the  vdodiy  of  tho  ballets,  p.  t}4>  Method  of  aetfiiriif  the  reeoU  of 
the  barrel,  p.  S)6.   Defiwipitoo  of  the  gun-canltge,  p*  237.   The  powder  made 
ufe  of,  p.  239.    And  the  manner  in  which  it  was  kept,  and  made  into  cartridge)  for 
ufe,  ibid.    Manner  of  charging  the  piece,  p.  .'4.0.   Table  of  the  weights  and 
dimcnHons  01  the  principal  parts  of  the  appnratu*,  p.  242.  ct  feq.    General  table 
ot  the  expenments,  p.  245.    Order  of  them,  p.  746.  et  fcq.    Method  of  prerentiog 
the  impiilfe  of  the  Heme  vpoii  ihe  pendulnm,  p.  ^47.  Leaden  brilett  ceil  spot 
pletAer  of  Peris,  p.  254.  Ejtpcrimenti  with  powder  ouly,  p.  s^}.  Of  the  method  ef 
iOBpttxing  the  velocities  of  the  bullets,  p.  356.   Of  the  fpaces  occupied  by  ditfefenc 
charges  of  powder,  p.  257.   Of  die  efieCl  ihnt  the  heat  which  pieces  acquire  in  firing 
produces  upon  the  force  of  powder,  p.  258.  The  aogmcnlntion  of  the  force  of  powder, 
when  fired  Irom  a  warm  viect,  accounted  for,  :r;;Q.  Mral  powdfr  thebef!  for  prttning, 
p.  260.  Of  the  manner  in  which  pieces  acquire  heat  in  hring,  p.  261.  Which  heitis 
greater  when  lifcd  wtdi  poiritt  mify  than  #hen  wiih  powder  and  ball,  p.  a6a* 
That  diconillance  aceonaind  fer,  iUd.  Bullets  are  not  heated  bp  the  flame  ef  Aa 
powder,  bet  by  percnffon  agatnft  hard  bodiet,  p.  26}.  The  ntnning  of  the  metal  ia 
brafs  guns  on  repeated  firing  explained,  p.  264.   The  vent  of  a  piece  Iioed  with 
gold  Is  much  more  durable  tlian  one  made  in  iron,  ibid.    To  w^at  thr  heat  act^mred 
by  gUDS  in  firing  ii  principallv  owing,  p«  26^.    OHrerrarinns  on  ihc  generaiioo  of 
that  beat,  p.  266.    Ot  the  ciivtt  of  ramming  the  powder  in  the  chamber  of  the 
p^'cce,  p.  a68.  The-  jcfidt  of  dilhecnt  experiments  with  lammed'  and 
powder,  ibid. '  Of  the  tehNion  of  the  vdodiics  ef  belfets  to  the  chargmaf  powder  hp 
which  they  are  impelled,  p.  2  70.  Tables  (hewing  that  when  the  weights  and  dimcnfiona 
01  bullets  are  the  fame,  and  they  are  difchafged  from  the  fame  piece  by  ditfirreDt  quao> 
tiiies  of  powder,  the  velocities  are  very  nearly  in  the  fub-doplicate  ratio  of  the  weight* 
<tf  the  charges,  ib^  27 1,  Of  the  elte£t  of  pUeiag  the  veot  in  difierent  j^aiu  ot  the 
,  .   •  '  *  dutrge^ 
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cbarge»  p*  372.  Mr.  Roblni'i  opinion  with  refpefl  to  the  msmfr  :n  w.h'c'-  ^j  r- 
(owder  takes  fire,  ibid.  Table  of  experimeots  fhewing  that  eeed,  p.  274.  in  ine 
fanaaiSkm  of  firc^unu  m  ngaid  ii  to  b«  liad  to  any  fuppofed  advuugn  from  par* 
denkr  litutioM  for  die  vent,  p.  a;;.  The  bed  Ibrai  for  ilie  bottom  of  the  bore, 
and  tbe  fitoattoo  of  tbe  rent,  in  great  gun*  and  fiit*armi,  p«  379*  New  ttctbod  of 
detennining  the  velocities  of  bullets,  ibid.  Tbe  momentum  of  a  gun  mull  be  prc« 
cxMy  equal  to  the  momentum  of  its  charge,  ibid.  Method  of  determininfr  the 
▼eJocIty  of  bullet',  p.  280.  Another  fimpler  and  eaficr  method  or'  determining  that 
velocity,  p.  282.  Table  ibewing  the  refulc  of  expenmenu  iu  tbofe  methods,  p. 
s87«  Table  ihewiog  how  thofe  aetbodt  agtoed  apoa  the  whole,  p.  389.  Compa- 
rilbo  of  iho  two  netbodi,  p.  393.  Of  «  very  accartte  method  of  pravtag  goa* 
powder,  p^  398.  All  the  eproovetnib  or  powder*triers,  ia  commoo  uie  are  defec- 
tive in  many  refpects,  ibid.  Powder  maj  anfwer  to  the  proof  commonly  required, 
and  yet  turn  out  very  indifferent  when  ufed  in  fervicc,  ibid.  The  sbavementioned 
method  of  proving  gun-powder  explained,  p.  299.  The  appiratus  kieftribcd,  p. 
300.  The  temperature  of  tbe  acmoi'pherc  hat  a  very  fenfible  trirt-^t  upon  the  force 
of  gaa-powder,  p.  joi*  Of  the  conpintiire  good&efs  or  valacof  powder  of  dif- 
ftnot  degreetof  ftteogth,  p^  joj.  Of  the  rehitioB  of  the  vdoeitie*  of  boUett  to 
thdr  wdf hts,  p.  30$.  Mr.Robia'atheoiy  delikHvf,  ibid.  Figure  cxplaiotog  the 
relation  of  the  velocity  to  tbe  weight,  p.  309.  Table  of  the  quantity  of  powder 
inflamed  in  feveral  experiments,  p.  312,  Obferrationi  on  the  weight  of  gun>pow- 
der,  p.  •?f4.  Different  forts  of  powder  mrniioncd  by  French  a-jthors,  ibid.  The 
weakell  powder,  or  the  heavieil  in  proportion  to  its  elaltic  foKe,  ought  to  be  ufcd  to 
iropd  iho  heavieft  bdkt,  p.  3 is*  An  objedHoa  to  that  pofitioa  aafwcred,  ibid. 
TaUe  of  the  nlatioo  of  the  vetodtiM  of  belleti  to  their  weighte,  fappofiag  their 
velocities  to  be  in  the  reciprocal  fub>triplicate  ratio  of  their  weights,  p.  316.  Table 
of  experiments  with  half  the  weight  of  the  powder  added  to  the  weight  of  the  bul- 
lets, p.  317.  Table  of  the  rcfult  of  thefc  experiments,  p.  319.  Of  an  attemjst  to 
determine  the  csplnfivc  force  of  aurum  fulminant,  or  a  comp.irifon  between  iu  force 
and  that  01  gun-powder,  p.  3:1.    Defcription  of  a  kirrel  provided  on  purpofe  for 

thai  cxperiaMMi  ibid.  RaAlt of  that expafSawnt,  p.  32a.  Of  the  fpccilc  gravhy 
of  gim*powia>«  pb  jaf.  Ififedlaaeooi  ej^eriieeotf.  p.  334.  Of  fime  eafaccefifiil 
attenpts  to  iacreale  tbe  force  of  gua-ponder*  iUd*  Account  of  an  experiment  to 
try  dM  foiceof  water  rarified  into  fleam  in  impelling  bullets,  ibid.  Rcfuir  of  that 
experiment,  p.  3»5.  Refult  of  others  made  with  highly  reftificd  fpirits  01  wine, 
etheria!  oil  of  turpentine,  and  fmall  quantities  of  quickfilver,  inftcad  of  water,  ibid, 
With  xthiops  misieral  intimately  mixed  with  gun-powder,  p.  316.  Ingredieats  of 
^CO»iBO»pttlvirlitliiuaani,  ibid.  Refidt  iif  aa  experimeat  made  by  nixiBg  Alt  of 
,iaxtarwiihg«B*powder,  |V  jay.  With  &1  aaiaMaiacon,  Ibid.  With  braft  dtit, 
ibid.  Barthy  partielei  aad  all  kiada  of  iraparitiet  are  very  detrimental  to  gun- 
powder, and  why,  p.  528.  Of  ao  atltttpt  to  (boot  flamp  iailcad«f  ballata,  abid« 
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rM»'>rj»  orWbiir  Antf.  See  ^        ^         .  '\  . 

fitrmmnn,  Gieat  advintager  rdUting  ftwn  tba  iftMntbiK  ilf  ihu 

fiihtt^  mo un urns  of.    Ar<-  the  fourc«  of  thr  Gaogct  and  Btt|Vtin|KVtCT» 

From  whence  ru'-y  liow  ;n  opnofjtc  ditcitions,  ibid,  ^ 
iTV/'tf  /iVrfi.   Not  iuhiueaily  perfect  to  naminc  the  eaf ib'a  diaroal  motion,     t  <6r 

bit  acciNiit  oT  the  Ckiia«Mii  HoAindlivrm^  f»  So. 

/-'tf?  ^..j-flT'.    A  frpi;lf.'s  c.f  V.  hltf  Ants.  See  SateiLmMO^ 

yar:atian»    Sec  jMttcaroLegicai  Jourtudt 

jr^Aif,  Mr«  William.  Oo  the  lefblmiQii  of  adfeaed  e(]uatIoiia,-  p.  454^  tttlnf 
fine*!  cofioc^  and  tangents,  of  arcs,  of  circles,  and  of  lbs  wdtifin  of  iMbflGV 

4  ^9,  460.   Obfcrvatiotis  on  ihofe  tablei*  p.  461, 
WtAther.  Metcorolqgtcal  Journalt  of,  aiNuo  oud  Okak,  on  Uw  Coaft  of  LabradorCf 
p.  197. 

UtiuziL   Sec  CUmciU  jffiMtku 
tmt/t  Mpimtriu  BnHirfM 

WtUardt  Mr.  Jofepb,  hiiktterconceniiogtbe  longitade  of  Cinbiidge  in  New  Eb^ 
land,  p.  ;02.   The  generally  reckoned  difference  of  oieridiM)*  between  Greeoinch 

and  Cainbrir!c;e,  which  was  ufed  by  the  late  Dr.  Wmthrop,  not  eicaA,  2w^.  HiJ 
obfervauoQ  of  the  eciipfe  of  the  fuo,  37,  ifZOf^M  ooapaBy  wttb  Mr.  Cutkr 
of  Ipfwicb  aod.Mr.  Prince  of  Saleaa,  p.  50^ 

Winthr»p^  Dr.   Sec  WtOard, 

ITf^,  Patrick,  M.  A,  hi;  farther  experinaeau  oa  cold  ac  tie  MacAdMe OfcftrfMBff 
at  Giafgo^  College,  p.  386.  Bagiikn  af  ibe  4iAim  of  vm^tmm  bmioetf 
fiiow  atid^,  p.       at  ie^ 
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W*mtn.  See  Bland,  Pregnane,  feizcd  with  the  fnall'poXt  or  UncolMei  nifial«^ 

generally  inifcarry  in,  or  foon  after,  the  eruptive  fever,  p,  jyj, 
Waod  Antu  The  moll  peroicious  of  all  others,  p,  180. 

Wnda  tf  Shifs,  laluwaa  praAice  of  plaadcriog  them  Ml  pnBiScd  on  the  Wdchr 
Coaftf  p>  34S> 

XTf^^,  Dr.  Williniy  Ih  Mcmwt  of  «  dnU  wk*  had  At  finlKpcqt  ia  ABpaafe^ 
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V  O  L.  LXIX. 

Pige,  Line* 
i6.  SmfirGmnadJm' 

—  >S«  y*''  5*^".  tm/  Jiff, 

17*  I.  yir  of  vtuiol  rW of  taitar  of  vitriol ' , 
1^     7.  y^r  eiicij  Ibnned,  pm^  erica-lbraifid 

—  XQ,  /rr  wetted  TAfi  melted' 
21*  13.  for  clays  read  clzj 
aj.  14.  /»r  Jvij.  read  Jifij. 
24.      I.  /or  ^v.  read  5V. 

26.     6.  for  dale  rM/  deal 

28.  12.  for  fubftance  read  fobAmoB» 

30.  20.      tia  r/flrf  fire  .  . 

33.  hft  line,  omit  the  word  than 

34*  ''if^''' 


V  O  L-  I^^C 

478,  I,  Journal  of  the  Weather  at  Seoegambia»  &c.  findd  h  Journal' of 
the  Weather  at  Senegal,  [For  Senegambia.is  the  whole  pro- 
vince, the  river  Gambia  iacluderl,  in  which  river  the  weather 
muft  have  been  f{uitc  different  at  this  period  from  what  it  waa 

at  Senegal,  bccaufc  the  diforder  did  not  rar^c  tlicrc. 
435*        Uil  line,  read  that  the  wiod  in  the  iainc-  month  in  the  river: 

Gambia,  ^ic. 
490,     6.  /or  blank  rgad  pranked 


E     R     R     A     r  ^u' 


VOL.  IJCXL 

Page.  Line. 

•?43.    20.  /or  flown  r/tf^^  flowed 

363.  3.  of  the  note  /»r  after  a  labour  rtad  after  a  BatQnl  libliSfc. 
  9.   /^r  eight  incht»-«»rf  five  ioclMi*. 

383*    13. /flr  then  r/a^^  there 
417.      I.  art.  23.  /or  (art.  27.)  r^<35'  fart.  28.) 
423*      5*  ^""t-  28.  /or  (art.  24.)  ric7^2'  (art,  2^) 
425*        iaft  line  but  tmo^/$r  i^p  rsad  l^Zf^ 


V  Tbere«ieTW£NTY-S£Vm|il«tctiatlliitnAn»». 
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TH&  P&BSS  OF  J*  NICHOLS.* 
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